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EFFECTS OF DIFFERENT FEED ADDITIVES 
ON THE GROWTH OF TURKEYS 
Abstract 
Hossein Samie 
Under the supervision of Professor C. W. Carlson 
A total of 3780 male and 216 female Large White Nicho­
las turkeys were used in four experiments to determine the 
effect of different feed additives on turkey performance. 
In the first experiment, the effect of 60, 120 or 240 ppm 
Cu on the growth of male turkeys was examined as affected 
by 75, 100 or 125% of the suggested NRC (1977) levels of 
sulfur amino acids (S-AA). The second experiment was 
designed to study the effect of 60 ppm Cu, Neo-Terramycin 
at 200 gm per ton, (80 gm Terramycin after 12 weeks) and 
Zn-bacitracin at 50 gm per ton (25 gm after 8 weeks) on the 
growth of male turkeys. The turkeys received either a low 
protein dietary series or a high protein series. The low 
protein diets provided either 75 or 125% of the NRC (1977) 
levels of S-AA and the high protein diet contained 125% of 
the NRC levels of S-AA. In the third experiment, the 
effects of Neo-Terramycin at 200 gm per ton (80 gm after 12 
weeks) and a combination of ea-Terramycin and 120 ppm Cu 
on the growth of male turkeys were studied. In this exper-
iment, turkeys received either a low protein dietary series 
or low protein series which contained 20% wheat bran. 
These two series were isonitrogenous but not isocaloric. 
In the last experiment, both male and female turkeys were 
used. The effects of virginiamycin at 20 gram per ton in 
the presence of 0. 025% amprolium added to normal protein 
diets were studied. Individual weights and group feed 
consumption data were obtained at 4-week intervals. Liver 
and blood samples were taken from turkeys in Experiment 1 
to determine the effect of copper on the copper content of 
liver and blood. 
The results from these experiments show that 75% of 
the NRC recommended levels of S-AA did not support optimum 
growth rate of poults up to 12 weeks of age. Poults 
receiving 100% of S-AA performed as well as those receiving 
the 125% level. After 12 weeks of age, the 75% NRC level 
of S-AA allowed turkey body weights to be comparable to 
those receiving 100 or 125% S-AA. Addition of 60 ppm Cu 
stimulated the growth rate at 8 weeks of age 120 or 240 ppm 
Cu caused a growth depression up to this age. No signifi­
cant differences due to the addition of any level of copper 
were observed after 8 weeks of age. The liver or blood 
copper content were not affected by any levels of copper 
used in this experiment. 
In the second experiment, turkeys on the high protein 
diet were heavier than those on the low protein diet. Of 
those poults 
125% of the 
receiving the low protein diets, those fed 
RC recommended levels of S-AA were heavier 
than those fed the 75% level of S-AA up to 1 6  weeks of age. 
Addition of Cu did not have any effect on turkey body 
weights. Neo-Terramycin up to 12 weeks of age and bacit-
racin up to 8 weeks of age were effective in improving 
growth. 
The results from the third experiment showed that 
turkeys on diets without wheat bran were significantly 
heavier than those on diets containing 20% wheat bran up to 
24 weeks of age. Addition of Neo-Terramycin or a combin­
ation of Neo-Terramycin and copper significantly stimulated 
growth up to 8 weeks of age. There were no differences 
between the weights of poults receiving Neo-Terramycin 
alone or the weights when Neo-Terramycin combined with cop­
per. 
The results of the last experiment show that virginia­
mycin in the presence of amprolium improved body weights of 
both sexes of turkeys up to 16 weeks of age with no effect 
on male body weights after this age. 
Although there were beneficial trends, no significant 
differences were demonstrated in overall feed conversion 
due to the addition of any of the feed additives used in 
these studies. Turkeys on high protein diets converted 
feed 21% more efficiently than those on low protein diets. 
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In the last forty years there have been many great 
achievements in medicine and the biological sciences among 
which, one of the most impressive, has been the discovery 
and development of antibiotics. It is common place to 
remark that antibiotics have revolutionized the treatment 
of infectious diseases, and to point to their contribution 
as tools for basic biological research. Most of the anti-
biotics were discovered before any detailed knowledge was 
available of the biochemistry underlying their effects. 
One of the great economic developments in the field of 
antibiotics is the use of these drugs in feeds for the 
promotion of animal growth. The use of antibiotics in the 
control of harmful bacteria was a culmination of years of 
searching for what has been termed a "magic bullet" by P. 
Ehrlich in 19 13 at the 1 7th International Congress of 
Medicine in 19 13- 19 14 (Gale il .§!1_., 1972). Antibiotics 
when added to the food of animals are able to improve their 
nutrition by producing changes in the intestinal bacteria. 
This effect was discovered accidentally; the "magic bullet" 
reached an unseen target. The growth rate of young chick­
ens was found to be increased by adding streptomycin ('Ioore 
et _tl., 1946) and that of turkeys by chlortetracycline 
(Stokstad il tl• , 1949) to their diets. The work with 
these antibiotics led to studies with other species and it 
2 
was found, perhaps not unexpectedly, that the giowth-pro-
moting effect was even more marked when certain intestinal 
infections were present. It is now well established that 
the growth rate of young animals is usually increased by 
adding relatively small amounts of certain an tibiotics to 
the diet. This effect on growth occurs in apparently 
healthy animals fed diets that are adequate in all known 
nu tritional factors and the effect is also observed with 
certain deficient diets. 
The objective of this study was to investigate the 
effects of different feed additives on the rate of gain and 
feed efficiency of Nicholas White turkeys. 
LITERATURE REVIEW 
I - Antibiotics 
Significance tl Antibiotics 
3 
The antibiotics are defined as a group of soluble 
organic substances that are produced by microorganisms and 
that are characterized by their property of inhibiting at 
low concentrations the growth, activity, or multiplication 
of other microorganisms. Antibiotic-like substances are 
also produced by the flowering plants and by animals. Such 
hops and tomatoes contain antibacterial plants as garlic, 
compounds termed respectively "Alliine", "lupulon" and 
"tomatine" while lysozyme, a protein with antibacterial 
properties, 
of the eye 
is present in egg white and in the secretions 
(Jukes, 1955) . These substances are not 
included among the antibiotics because the definition of 
this term is restricted to compounds that are produced by 
microorganisms. However, the extensive occurrence of anti-
bacterial substances in more complex organisms serves to 
emphasize their widespread nature. 
The discovery and development of the useful antibio­
tics have been based on empirical screening procedures that 
were designed to find an antibacterial substance that was 
harmless to animals. It may be presumed that such a sub­
stance must block certain essential enzyme systems in the 
bacterial cell without appreciably affecting any of the 
4 
essential systems in the cells of the hos t. The mechanisms 
of this biochemical selectivity has been studied from var­
ious standpoints. 
Penicillin exerts its toxic effects on microorganisms 
only under conditions where their growth is possible (Work, 
1952). It inhibits the formation of combined glutamate in 
Staphylococcus aureus cells while peptide glutamate accumu­
lates in the medium. Bacitracin was found to behave simi­
larly to penicillin (Pine, 1 95 1 ). In contrast, chlortet­
racycline tended to inhibit the formation of peptides 
rather than the uptake of glutamate (Gale, 1 95 1 ). Strepto­
mycin appears to inhibit the oxaloacetate-pyruvate conden­
sation in .!h coli and Umbreit £.! al. ( 1 95 1 )  have suggested 
that animal cells are not similarly affected because they 
are less permeable to the antibiotic. Other biochemical 
reactions in bacterial cells were unaffected even by high 
concentration of streptomycin. 
It is evident from these and other examples 
differences between the antibiotics exist with respect 
that 
to 
their antibacterial mechanisms as well as to their chemical 
structures. 
antibiotics 
The only biochemical property common to the 
under consideration is their antibacterial 
effect. They do not, for example, all possess a single and 
distinctive chemical group which might have a growth-promo­
ting effect on animals. The strong inference is that any 
such effect 
5 
is secondary to the antibacterial action of 
antibiotics on the microorganisms in the digestive tract. 
Before the discovery of the growth-promoting effect of 
antibiotics on animals, many investigations were made of 
the results produced by adding sulfonamides to purified 
diets. It was found that under such conditions, deficien-
cies of biotin, folic acid and vitamin K 
(Black� g., 1942; Light et _tl. , 1942; 
were produced 
Welch, 1942) . 
However, these deficiencies did not appear when these three 
substances were added to purified diets or when rats 
received diets of natural foods to which sulfonamides were 
added. The results were taken to indicate that rats were 
able to obtain a supply of biotin, folic acid and vitamin K 
from a nondietary source when the rats were maintained on a 
purified diet that was deficient in these three vitamins 
and that this nondietary source originated in a bacterial 
fermentation that took place in the intestinal tract. It 
could be deduced that sulfonamides could depress or change 
the intestinal bacteria in a manner that interfered with 
the production of these vitamins, which are needed by the 
host animal. However, the sulfonamides do not interfere 
with the assimilation of vitamins that are added to the 
diet. The reason that deficiencies of biotin, folic acid 
and vitamin K developed �as because they were not added to 
purified diets for rats, since deficiencies of these vita­




thiamine, riboflavin, pyridoxine and pantothenic 
added to the diets because, if these additions 




The concept of a symbiotic relationship between 
and the bacteria in. their gastrointestinal 






sulfonamides emphasized this relationship and 
with ruminants showed that these animals were 
experimen ts 
even more 
versatile, for i t  was found tha t they could largely dis-
pense with certain water-soluble vitamins, which were shown 
to be produced by fermen tation in the rumen. 
simple nitrogenous compounds, such as urea, 
Fur thermore, 
can be trans-
formed by the rumen microorganisms into amino acids, which 
could replace par t of the protein requirement of ruminants. 
In contras t with these beneficial activities of the 
microorganisms of the diges tive tract, there are many fa-
miliar examples of pathogenic bacteria and protozoa that 
can invade the alimentary canal to produce clinical 
disease. The sulfonamides and antibiotics have made some 
of their greates t con tribu tions to medicine in controlling 
enteric diseases produced by organisms of this type. 
A few inves tigators in the 1940's described experi-
rnen ts wi th rats and chicks in ihich an tibacte�ial sub­
the stances produced increases in the growth rate of 
7 
animals. Moore and co-workers ( 1 946) found that succinyl­
sulfathiazole antl streptomycin increased the growth of 
chicks on a purified diet. 
tant suggestion that the 
These authors made the impor­
dietary supplements inhibited 
intestinal bacteria that were producing toxic materials or 
were rendering certain dietary vitamins unavailable to the 
animal but that the possibility that the agents were acting 
systematically could not be overlooked. Morehouse and 
Mayfield in 1 946 found that 3-nitro-4 hydroxyphenylarsonic 
acid increased the growth of chicks and turkeys when added 
to natural diets. This observation was made during studies 
of the coccidiostatic effect of this substance and it was 
attributed to the elimination of some infection. All these 
studies in which the growth rate of animals was improved by 
antibacterial substances appeared to indicate that the 
effect was due to suppression of harmful microorganisms, 
and indeed such an effect would not be surprising in view 
of the association of weight loss with clinical disease. 
The apparent beneficial effect of antibiotics on 
growth rate and feed efficiency observed in the late 1 940's 
caused many investigators to conduct more experiments on 
the effect of antibiotics on the growth of animals and 
there is a vast number of such reports during the 19SO's. 
Stokstad and Jukes ( 1 950) 
8 
found that Aureomycin* 
hydrochloride, a t  comparatively low levels, produced great 
response in turkey poults. Branion and Hill ( 1 95 1 )  
reported that Aureomycin, 
streptomycin, when added 
penicillin, Terramycin** and 
a t  a level of 25 mg per kg of 
die t, resulted in a growth response in turkey poults up to 
8 weeks of age, with Terramycin having the grea tes t 
response. They also found that birds fed plant pro tein 
showed better response to an tibiotics than those birds fed 
animal protein. Groschke (1950) s tated "antibiotics s tim-
ulate growth indirec tly by changing the intestinal micro-
flora from 'undesirable' to 'desirable' types and that 
unknown factors synthesized. by the desirable types are 
responsible for the growth effect". 
Some repor ts indicate tha t differen t breeds migh t show 
different resonses to antibio tics. Nordskog· and Johnson in 
1953 found tha t the difference in grow th response to anti-
bio tics of nine groups of chickens from dif·ferent breeds 
was highly significant, ranging from 6. 3 to 22. 6 percent. 
Daghighian and Waibel ( 1 982) fed bacitracin to Nicholas and 
British United turkeys. They reported greater and more 
consis tent growth responses were observed from dicholas 
male turkeys than from the o ther s train at 8 weeks of age. 
* The trade name of Lederle Laboratories Division, Ameri­
can Cyanamide Co. , for chlorte tracycline is Aureomycin. 
** The trade name of Chas. Pfizer and Co. , for oxytetracy­
cline is Terramycin. 
9 
l-iacGregory il al. (1 954) studied the effects of anti-
biotics on the growth.rate of turkeys of various ages. In 
their study, turkey poults which had received diets with 
and without penicillin during the first 8 weeks were fed 
diets with and without penicillin from 8 to 20 weeks of 
age. They observed that the addition of penicillin at 8 
weeks had no effect on growth rate of these poults not 
receiving this supplement from 1 to 8 weeks of age. The 
addition of penicillin at 8 weeks to the diets of poults 
which had received pencillin from 1 to 8 weeks of age had 
no effect on the growth rate of males to 20 weeks of age, 
but significantly increased the growth rate of females. 
Scott and Jensen (1 952) reported that the growth advantage 
obtained by feeding Aureomycin to turkey poults to 8 weeks 
of age was rapidly lost when the antibiotic was withdrawn 
from the feed after the eighth week. 
1oran and McGinnis (1 965) studied the effect of anti­
biotics on the growth of turkeys fed diets containing 
either corn or barley as the cereal grain. They reported 
that enzyme and antibiotic supplementation had 
no effect on growth of poults when added to 
essentially 
corn diet 
unless the protein to energy relationship were extensively 
altered. Poults fed barley-containing diets responded to 
enzyme and antibiotic supplementation in all trials, but 
did not respond to increased energy alone. �heir proposed 
hypothesis was that the beta-glucan of barley supported the 
1 0  




to poults growth. This "undesirable" 
be modified either directly by the use 
micro-
of an 
or indirectly through the use of supplemental 
enzyme which can degrade the beta-glucan. 
Carlson et g. ( 1 956) reported that greater and more 
consistent growth responses were achieved from antibiotics 
with lower 
Slinger et 
energy diet than with higher energy 
al. ( 1 95 1 )  reported that penicillin 
affect protein requirements of broiler chickens. 
diets. 
did not 
It has been well established that the antibiotic 
growth response can be produced by certain non-absorbed 
antibiotics such as streptomycin or bacitracin and has been 
observed in disease-free as well as conventional animals, 
but not maintained in germ-free animals. McGinnis et _g. 
(1950) reported that unlike vitamin B 1 2, streptomycin was 
completely ineffective in promoting growth when given by 
injection into the breast muscle. Bacitracin has been 
diet found to produce a growth response when added to the 
but not when implanted subcutaneously (Branion et .tl_. , 
1 952). Eagle il �- ( 1 947) reported that injected bacitra­
cin is excreted in the urine rather than bile so that it is 
possible that implanted bacitracin may not reach the intes-
tine. In contrast, those antibiotics such as Aureomycin 
and penicillin, which 
responses when injected 
have been found to produce growth 
(Dixon and Thayer, 195 1 ;  Elam et 
1 1  
_tl. , 1 951;  Hester et �-, 1 954), are known to be excreted 
into the intestine via the bile (Cook et al. , 1952). 
As mentioned before, the growth response of animals 
due to the addition of anti biotics was attributed to the 
suppression of some harmful microorganisms. Moore et al. 
(1 946), even before the impact of antibiotic use in agri-
culture, suggested that unidentified intestinal bacteria 




species of bacteria involved 
and sensitive to nearly all 
in the depression of 
known feed additive 
antimicrobial agents is Clostridium perfringens. In 1 95 1  
Sie burth il g. reported that penicillin and Terramycin 
inhi bited the growth of Clostridium perfringens in the 
ceca and increased the growth of turkeys. Lev and Forbes 
( 1 959) demonstrated that C. perfringens caused a signifi-
cant reduction in growth of germ free chicks and that 
penicillin largely overcame the growth depression. Peni­
cillin had no effect on the growth of germ free chicks. 
According to Elam et tl• ( 1 953), 
including penicillin, bacitracin, 
several antibiotics, 
Terramycin and eoraycin 
produced significant increase in growth and significant 
decrease in the total numbers of clostridia per gram of 
feces of chicks. Jaco bs.£..!:_ al. (1953) showed that several 
anti biotics failed to stimulate growth and to reduce fecal 
clostridium of chicks reared in very clean conditions where 
1 2  
the clostridia population was low. Eyssen and DeSomer in 
196 3  reported that the growth-stimulating effect of anti­
biotics is mos t likely due to suppression of Gram-positive 
intestinal bacteria which interfere with the absorption of 
nutrients. Stu tz e t  al. ( 1 983a) have lately reported that 
organisms detected in the intestinal of chicks fed a 
tical die t in descending numbers were lactobacilli, 
prac-
strep-
tococci, staphylococci, coliforms and clostridia. They 
also concluded that bacitracin and efrotomycin had no 
effect on the population of the intestinal organisms, o ther 
than Clostridia perfringens, in the ileum of chicks. These 
investigators, in another study (Stutz e t  g., 1 98 3b), 
found that a thiopeptin antibiotic caused a significant 
improvement in weight gain and feed efficiency. They also 
found that this an tibiotic significantly decreased the 
number of C. 
the chicks. 
perfringens organisms in the ileal con tent of 
Virginiamycin is another antibiotic produced by Strep­





is active against 
Several reports have 
Gram-posi tive 
shown that 
virginiamycin will increase growth and improved feed effi­
ciency in chicken and turkeys (Combs and Bossard, 1 963; 
·1 a r ch e t tl. , 1 9 7 8 ; -Ii 1 es il tl. 1 9 8 4 ) • Yates a n d Sch a i b 1 e 
in 1 962 compared virginiamycin ,i th Terramycin ·hich have 
"broad " and Zn-bacitracin which has "narrow" spectras. 
13 
They reported that virginiamycin was comparable to Terra­
mycin and Zn-bacitracin in its effectiveness on growth, 
feed utilization and livability. Eyssen et al. (1962)  
reported that virginiamycin was active against lactobacilli 
in the chicken crop both in vivo and in vitro thus it was 




ST LI A Y 
Biosynthesis of Antibiotics 
14 
Over the years t as more and more antibiotics have been 
discovered, it has been found that most of them, especially 
those of medical importance, fall into the general category 
of secondary metabolites. Among microorganisms, their 
taxonomic distribution is restricted and among bacteria we 
find them to be produced largely by certain spore-forming 
groups. During their normal life cycle such organisms will 
grow until they have produced the maximum number of cells 
they are capable of forming under the particular condi-
tions. Once the culture has stopped growing t it enters the 
stationary phase, 
spore formation. 
followed by death or, alternatively, by 
Usually after the cells have stopped 
dividing, secondary metabolites begin 
Their production continues for a certain 
to be produced. 
length of the 
time, which may be longer or shorter than the active growth 
period, and then production ceases (Zahner and Maas, 1 97 2). 
Secondary metabolites are often produced in large amounts 
and for the most part they are excreted into the culture 
medium. 
In contrast to primary metabolites, secondary metabo-
lites are not essential for growth of the organis�. Pria-
ary metabolites are either building blocks for macromole-
cules, intermediates in reactions generating energy-rich 
compounds such as ATP, or parts of coenzy□es. Secondary 
metabolites protect the cell against 
internally generated hazards that arise 
phase (Zahner and Maas, 197 2) .  
1 5  
environmental or 
during the resting 
One characteristic of secondary metabolites that dis-
tinguishes them from primary metabolites is frequent 
"u n cont r o 11 e d" production by the organism • ·i i c r o organisms 
d� not produce primary metabolites (amino acids, purines) 
in amounts greater than needed for growth. 
brought about mainly through metabolic 
This economy is 
regulatory mech-
anisms, especially enzymes and feedback inhibition (Lehnin­
ger, 1 982). Accumulation of secondary metabolites suggests 
that the cells are inefficient in the regulation of syn­
thesis of these substances. 
To elucidate biosynthetic pathways of antibiotics the 
isotopic tracer technique is used most commonly. t·Ji th 
isotopes it is relatively easy to determine the origin of 
the building block of an antibiotic molecule. In the usual 
experiment the antibiotic-producing strain is grown with a 
given radioactive nutrient, the antibiotic is isolated and 
the distribution of radioactivity in different parts of the 
antibiotic molecule is determined (Gale��., 1972). 
Several primary metabolites have been identified to be 
used for antibiotic synthesis. Fatty acids, amino acids, 
carbohydrates, purine and pyrimidine bases are a□ong these 
□etabolites (Gale � tl_. , 1 972; Zahner and .·laas, 1972). 
16 
Short-chain Fatty Acids Antibiotics 
Step wise head-tail condensation of active acetate and 
malonate units leads to the formation of B -polyketornethy­
lene chains. Substances that are biosynthetically derived 
from B-polyketones are called polyketides. Actually the 
starter molecule of polyketide synthesis is not always 
acetyl-CoA. It may be propionyl-CoA or more complicated 
CoA derivations. For example t in the synthesis of tetracy­
clines the starter is malonamoyl-CoA. Moreover t the units 
to be added to the starter are not always acetate unit but 
may, for example, be propionate units, as in the synthesis 
of erythromycin (Zahner and Maas, 1 972). 
These intermediary S-polyketones undergo several types 
of further modifications. For example, reduction may lead 
to formation of fatty acids, 
formation of antibiotics. 
but it does not occur in the 
Introduction of double and 
triple bonds results in the formation of polyenes and 
polyacetylenes, the former being found in polyene antibio­
tics and the latter being found among a variety of com­
pounds occurring among basidiomycetes (Gale et .£1_. ,  1972). 
Repeated cyclization of S-polyketones lead to the formation 
of polyaromatic compounds such as tetracyclines. 
The starter molecule for tetracycline formation is 
raalonamoyl-CoA to which acetate units are added via malon-
yl-CoA to form a S-polyketomethylene chain. This is con-
verted via a polycyclic inter□ediate to the final Jrocucts. 
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Peptide Antibiotics 
Many antibiotics utilize amino acids as building 
blocks. In some cases amino acids are the sole constit-
uents, whereas, in o thers they are joined to o ther metabo­
lites such as sugars and fat ty acids. Some antibiotics are 
derived from only one or two amino acids (cycloserine, 
penicillin), others from a larger number (actinomycin). 
Some of the amino acids found in an tibiotics are quite 
differen t from those found in proteins (Gale� .§1_. , 1972; 
Zahner and Maas, 197 2) . Thus antibiotics often contain D-
amino acids, 8 -methylated amino acids, 8 -amino acids, and 
precursor amino acids such as orni thine. Although there 
are common features, the syn thesis of antibio tics is funda­
mentally different from tha t of protein synthesis. Anti­
biotic synthesis does not require the presence of ribo­
somes, tRNA or mRNA. Any code for the assembly of amino 
acids is imprinted only into the biosyn thetic enzymes (Zah­
ner and �aas, 1972). I t  should be noted here that peptide 
antibiotics are much smaller than proteins, having a range 
of molecular weights from 350 to 30 00. O ther features tha t 
distinguish antibiotic 
are: 
synthesis from pro tein synthesis 
ing 
1. Relaxation in the specificity of asse□bly result-
usually in the production of a family of closely re-
lated substances rather than a unique pol peptide chain. 
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2. Formation of cyclic structures with no free � -
amino or � - carboxyl group. 
3. Insensi tivity to protein-synthesis inhibitors such 
as chloramphenical and puromycin. 
4. In vivo production during a late stage of the 
growth cycle, after protein synthesis has ceased. 
Antibio tics Containing Sugars, Purine s and Pyrimidine s 
Sugars, purines or pyrimidines can also be found as  
consti tuents of antibiotic molecules. Sugars occur widely 
among antibiotics produced by actinomyce tes. Neomycin and 
puramycin are among this category of antibiotics. Among 
fungal antibiotics the occurrence of sugar is rare. No 
sugar-containing antibiotics have been found among Asper-. 
gillale s (Zahner and Maas, 1 9 72). The structural formulas 
of commonly used antibiotics, tetracyclines, streptomycin, 
penicillin and bacitracin are shown in Figure 1 .  
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CO - NH 
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1'CH3 
fi� - COOH 
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Penicillin 
Figure 1. Structural formulas of Tetracycline, Penicillin, Bacit­
racin A and Streptomycin. 
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Figure 1. Continued 
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Mode of Action of Antibiotics 
Antibiotics inhibit growth either reversibly 
( bacteriostatic) or irreversibly (bacteriocidal). This 
inhibition is a result of interference with reactions that 
are essential for growth. Such reactions may be in the 
biosynthesis pathways leading to metabolic building blocks 
or coenzymes, 
proteins and 
in the synthesis of macromolecules, such as 
nucleic acids, or in the maintenance and 
synthesis of cellular 
membrane ( Freeman, 1 9 7 9 ) . 
structures, such as the cell 
To determine the mode of action 
of an antibiotic is to find out first the reaction whose 
inhibition is responsible for the observed inhibition of 
growth and then to find the way in which the antibiotic 
blocks that particular reaction. 
A given antibio�ic may inhibit several reactions, and 
the number of reactions inhibited may depend on the anti-
biotics concentration in the testing medium. 
blocked may be either essential or not 
The reaction 
essential for 
growth. With an antibiotic affecting several reactions as 
the concentration of the antibiotic is increased, more and 
more reactions may be affected (Gale � tl - ,  1 9 7 2 ) . Also, 
the blocking of one reaction may secondarily lead to inhib-
ition of  other reactions, this being another way in which 
an antibiotic may affect several reactions. 
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Antibio tics Affecting Cell-Wall Forma tion 
It has been well esta b l ished that the b acterial cell 
wall consists of several layers. In Gram-posi tive bac teria 
the wall structure is relatively simple. The main layer is 
the peptidoglycan layer, which in many species is 
surrounded 
bacteria 
by a teichoic acid 
the wall is more 
layer. 
complex, 
In Gram-nega tive 
consisting of a 
peptidoglycan layer surrounded by layers of lipoproteins 
and lipopolysaccharides (Freeman, 1 979 ) .  In both Gram­
posi tive and Gram-negative bacteria the wall surrounds the 
cytoplasmic mem brane and lends rigid support to an other-
wise fragile cell. Most bacteria live in environments tha t 
are relatively hypotonic to the cell interior and peptido­
glycan normally protects cells against the high osmotic 
pressure of the inside of a bac terial cell (Freeman, 1979). 
All known cell-wall antib io tics ac t on the formation 
of the peptidoglycan. As there is no compara ble structure 
in animal cells, specific action on this layer ensures 
selec tive toxicity against bacteria (Zahner and iaas, 
197 2). 
Penicillins and bacitracin are among antibiotics tha t 
preven t cell , all forma tion . Penicillins, the most famous 
and the mos t useful of all the an tibio tics used in medicine 
are inhi�itors of peptidoglycan syn thesis (Pine, 1 95 1 ;  
, a r k, 1952). They prevent the incorpora tion of glu tarnic 
acid into peptidoglycan (Gale and Pine, 1950). Penicillin 
requires growth of cells in order to kill them; 
the growth, the more effective is its action. 
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the faster 
Bacitracin, 
a mixture of cyclic polypeptides consisting of D- and L­
amina acids, produced by Bacillus subtilis, inhibits pep­
tidoglycan synthesis and also has an effect on membranes. 
Concentrations of bacitracin which have no effect on pro-
tein synthesis inhibit 
peptidoglycan and cause 
the incorporation o f  lysine into 
accumulation of peptid ri gly c an 
precursors (Freeman, 1 9 79; Gale, il tl - ,  1 9 7 2). 
Antibiotics Affecting Protein Synthesis 
A variety of antibiotics have b een found to be 
in h i bi to r s of p r_ o t e in -syn the s i s • Antibiotics can inhibit 
the synthesis of nucleic acids and proteins at different 
sites such as replication of D N A , transcription, formation 
of aminoacyl-tR NA and translation (Zahner and Mass, 1 972) . 
A majority of the antibiotics affecting protein syn­
thesis act at the level of translation. Chemically they 
for□ a very heterogeneous group (Gale et tl • ,  1 9 7 2) .  T his 
attests to one or more differences in the mechanism of 
translation between bacteria and cells of higher f orc1 S, 
which permits them to exhibit 
difference is in the structure 
selective toxicity. One 
of ribosomes. Bacterial 
ribosomes nave a semidentation value of 7 0S and are com-
posed of 3 0 S  and S O S  subunits. �amrnalian ribosomes have a 
se□identation value of 80S and are composed of 40S and 60S 
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su bunits (Lehninger, 1 98 2). Ta ble 1 summarizes information 
about the mode of action of the principle antibio tics 
affecting translation. 










s o s  
Mode of action 
Distorts configuration of 
30S subunit 
Blocks b inding of aminoacyl­
tR NA 
An analog of aminoacyl-tRNA, 




H. and W. K .  Aaas, 1972. Biology of 
Tetracyclines are classical broad-spectrum antibiotics 
causing a variety of apparently unrelated effects when 
added to growing cells. Gale and Pine ( 1 950) first showed 
that chlortetracycline was a specific inhibitor of protein 
synthesis in Staphylococcus aureus. Since then the tetra-
cyclines have been shown, in a wide variety of  tests, to be 
effective inhi bitors of protein synthesis at drug concen-
trations similar to those required to inhibit growth. Tet-
racyclines bind to D t A (Kohn, 196 1), proteins (Kohn, 196 1; 
Salgarello, 
and Mandel, 
1 963), synthetic polynucleotides (Connamacher 
1 965) and to ribosomes . Day in 1 966 reported 
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that only that drug bound t o  ribosomes is inhibi t ory. The 
binding of tetracyclines to riboso mes is dependent u p on 
the concentration of Mg 2 +  and K + ions and upon the drug 
concentration (White and Cantor, 1971 ) .  Under optimum 
conditions of binding, up to 300 drug molecules were bound 
per 70S ribosomes of Bacillus megateritum (Max well, 1 9 6 8) . 
Other results support the general conclusion that bindin g 
of tetracycline occurs principally (but not exclusively) on 
the 30 S subunits of b acterial ribosomes. It is suggested 
that the tetracyclines inhibit some function occurring on 
30S subunits (Day, 
Freeman, 1 9 79). 
1966; Connamacher and Mandel, 1 96 5; 
Bacterial Resistance to Antibiotics 
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Not all bacterial species are equally sensitive to a 
given antibiotic. The range of organisms inhibited by an 
antibiotic is called its antibacterial spectrum. Some 
antibiotics inhibit growth of a wide variety of organisms 
("broad spectrum" antibiotics), whereas others have a nar-
rower antibacterial spectrum. In a population that is 
sensitive to a given antibiotic, resistant forms can arise. 
As each antibiotic has been introduced, a short period ,  
during which the antibiotic is used effectively on a large 
scale, has generally been followed by the appearance of a 
higher and higher proportion of resistant organism up to a 
point at which the value of the antibiotic, as a thera-
peutic agent, has often been severely undermined. R.esis-
tance of Staphylococcus a ureus to penicillin provides an 
example. Soon after the introduction of benzyl penicillin 
into widespread use, a large-scale World Health Organiza­
tion survey showed that the resistant strain had increase d 
dramatically (Fig. 2) and a similar pattern has been found 
with most other antibiotics (Gale et al. , 1 97 2 ) .  
Resistance to antibiotics may be due to: 
1 .  · 1odification of the target enzyme in the cell 
so that it is insensitive to the inhibitors yet 












3. Synthesis by the bacteria of an enzyme capable 
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Fig ure 2. The incidence of penicillin-resistant staphylo­
cocci among clinical isola t es during the period 1 943 to 
1959. From Gale e t  al. , 1 9 7 2. The folecular basis of 
Antibiotic Ac tion. -
..L_ ··odi fica tion g_f the target 
The majority of targets in microbial cells are enzymes 
and there is competit ion bet veen the inhibitor a nd the 
nor�al substra te. The affinity of the enzyme for t .  e 
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inhibitor has to be appreciably hig her than th at of the 
substrate to h ave much effect on cell growth. A ty pical 
example of antibacteria l  action of this type is that of 
sulfonamides. Most sulfonamides have a higher affinity for 
tetrahydropteroic acid synthetase th an the normal substrate 
para-aminobenzoic acid, and in the presence of equimolar 
amounts of the two compounds, folic acid biosynthesis in 
the cell is impaired ( Hotchkiss and Evans, 1 9 60 ; Ortiz,  
1 9 70). In this case, resistance may arise by mutation 
which in the synthetase g ene m ay produce a modi fied enzy me 
that now has a lower affinity for sulfonamides than for 
para-aminobenzoic acid ( Wolf and Hotch kiss, 1 9 6 3; Nomura, 
1 9 70). 
_h Prevention of Access 
Resistance to antibiotics may be due to a fail ure to 
build up an adequate concentration of the illustrated 
within the cell. This type of resistance can be described 
by tetracyclines. Although the exact mechanis□ of tetracy-
cline resistance is not known, m any investig ators postulate 
that the resistant cell does not build up enoug h  antibiotic 
to kill the bacteria. Franklin ( 1 9 6 7) has shown when a 
sensitive cell first meets tetracycline, 
through the cell membrane but seems free to 
some passes 
leave ag ain 
immediately ; that is, initially there is a free flow in and 
out of the cell . The presence of a low concentration of 
tetracycline in the cell, however, seems to induce a change 
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in the cell's permeability to tetracycline, so th at outflow 
is inhibited while inflow is unchanged (Franklin, 1 9 6 7; 
Franklin and Higginson, 1 969). The result is an accumula­
tion within the cell which is lethal because of the inhibi-
tory ef fect of  tetracycline on protein synthesis. These 
authors re ported that resistant bacteria can not accumulate 
tetracycline. 
the contrary, 
It is not tha t  they are not impermeable; on 
the resistant cells take in tetracycline as 
rea dily as sensitive variants. They d o  not, however, a d a pt 
to stop the loss when the internal concentration of anti-
biotics start to rise, and consequently the internal con-
centration of tetracycline never reaches a point at which 
it becomes inhib�tory (Franklin, 1 967; Franklin and Hoggin­
son, 1 969; Gale� g. , 1 97 2). 
l.:_ Resistance .ti Inactivation 
M any of the classes o f  bacteria are found to make 
enzymes that specifically inactivate antibiotics. Such 
enzymes act 
antibiotic 
in two ways : ( 1 )  either they destroy the 
by opening one or more covalent bonds in their 
structure or (2) they chemically substitute key residues, 
thus making them inactive. Penicillinase enzyme, which 
destroys penicillin, and chlora mphenicol transacetylase, 
which destroys chlora mphenicol, are ex a mples of these ty pes 
of enzymes (Gale g g. , 1 97 2). Destruction o f  penicillin 
is shown below. 
R - CONH -
H S H 
I t /  \ /
c 
3 
C - C C 
-.... CH 
I I I 3 c _ N -- C  - COOR 
fl I I  
0 H 
p en ic illinase 
R -
H H S H 
I 1 /  \ / c  3 
CONH - C - C C -- CH 
/ I I 3 
C N -- C - COOR 
I/ '\ I I O OH H H 
3 0  
3 1  
I I  Copper 
Copp�r is one of the oldest minerals known to man. It 
was probably first used about 8000 B. C. by  people living 
along the Tigris and Euphrate Rivers where Iran and Iraq 
lie today. In ancient times, the chief source of cop per 
was the island of Cyprus. The R oman Empire controlled much 
of the world's copper and labelled it as " aes cyprium ", for 
the large deposition in Cyprus. It was later called "cup-
rum" from which the English world, copper, and its ele-
mental symbol, Cu were derived. 
Today, the United States is the largest Cu producing 
country in the world. In 1 97 6  the United States produced 
1, 605, 58 6 tons of Cu valuing 2, 235 million dollars (Crom-
well � al. , 
United States 
1 98 1) .  Approximately 2% of the cop per in the 
is made into copper sulfate (Cu S04. 5 H z0), 
commonly called "bluestone " or " blue vitriole ". Copper 
sulfate has many industrial and agricultural uses. It is 
used as a pesticide, as a fertilizer, and as a supplement 
to animal and poultry feeds. 
Functions .£i Copper 
A 1 tho ugh the p res e n c e o f c opp e r i n an i ma 1 t i s sue ,rn s 
demonstrated by Boutigny in 1833, its im portance in nutri­
tion was not recognized until 192 8  when Hart and co-workers 
demonstrated that cop per was required along with iron for 
the synthesis of hemoglobin in rats (Scott il _tl. , 19 82). 
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A large portion of the bod y  copper is in the liver and 
its concentrations varies w i t h  the species and age of the 
animal, the chemical -composition of the d iet, and various 
disease conditions (Underwood , 197 7) . Copper in the blood 
is bound to the protein, ceruloprotein, in the plasma and 
to the protein erythrocuperin, in the red blood cells . 
Copper is known to be a part of a number of enzymes 
such as cytochrome oxidase which serves an important 
in oxid ation - reduction reactions in the body. In 




ence transition as they participate in carrying electrons 
to oxygen (Lehninger, 1982 ) .  
Copper is also present in the active group of lysyl-
oxidase, an enzyme that makes the cross-linkage between 
polypeptide chains in collagen and elastin. Chicks hatched 
from copper-deficient dams showed no amine oxidase in the 
aorta or liver. I f  these chicks were maintained on a 
copper- deficient diet no enzyme could be detected during 
the first four weeks of life . Those receiving copper showed 
high amino oxid ase levels after the third day of life 
( Scott� tl• , 1982) . Amine oxid ase increases the incor p­
oration of lysine into the d esmosine (elastin) of the 
aorta . Scott et al . ( 198 2 )  state "the primary role of 
copper in elastin formation in the chicken appears to be 
the need for this ion by the amine oxidase involved in the 
oxid ative deamination of the epsilon amino group of lysine . 
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A cop per deficiency reduces the number of oxidized lysine 
residues available to condense for the formation of desmo-
sine". 
Deficiency of Copper 
Copper deficiency causes a different clinical syndrome 
which varies with the age, sex and species of animal and 
the severity and duration o f  the deficiency (Underwood, 








distur b ances 
( diarrhea or scours) have been observed in copp er defi­
ciency (Scott� al. , 1 982). 
Copper is required for proper iron metabolism in the 
body. Red blood cells require copper for their production 
and for the maintenance of their integrity in the circula­
tion (Und erwood, 1 9 77). In 1 956 Bush � al. concluded that 
copper deficiency anemia in pigs resulted from both short­
en ed erythrocyte survival tim e  and limited capacity of the 
bone □arrow to produce red cells. Different species have 
s.hown different types of anemia due to deficiency o f  cop-
per. In rats, ra b bits, pi rys and lam bs this ane□ia is 
hypochromic and microcytic. S hee p and cattle have sho� n 
hypochrooic and macrocytic anemia while in Cu-deficient 
chicks and dogs the anemia has been reported as noroocytic 
and normochromic (Underwood, 1 9 77). 
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Growth Promotion .Q.Y_ Copper and its Re l ationship to Sulfur­
Containing Amino Acids 
Since the 1 9S0 ' s when it was discovered that the 
addition of copper to the diet of pig s  usually promoted 
growth (Cromwell et tl • ,  1 98 1 ), the use of this feed addi­
tive at levels well above the nutritive requirements has 
been practiced to large extent in both s wine 
rations. Copper in the form of cupric 
and poultry 
sulfate (Cu 
so4 . s H 2 0) has been used in turkey diets generally not only 
as a growth stimulant like that of antibiotics but also is 
used as a treatment for a fungal infection of the crop 
known as  "trush" and a crop protozoan infection (Guenthner 
et al. , 1 9 78 ; Robbin and Baker, 1 980a). Smith ( 1 969) 
reported a 2. 3 percent increase in chick body weights on a 
diet containing 1 00 ppm Cu and a 7. 3 percent decrease in 
body weights due to the addition of 350 ppm Cu. �ing 
( 1 975 )  reported copper at 1 00 ppm resulted in significant 
increase in body weight and significantly smaller ceca both 
as a proportion of body weight and as  �he weight of a unit 
length in ducklings. At the South Dakota State University 
Poultry Re search Unit, 1 20 ppm Cu in the form of copper 
sulfate or copper oxide was shown to stirau late growth rate 
of turkey s up to 1 0� with a reduction in feed require□ent s 
(Guenthner � .tl_., 1 978). This level of Cu also reduced 
the incidence of aortic rupture by about one-half. Doerr 
(1 980) reported that the addition of copper s ulf ate 
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to a broiler diet increased their body weight and decreased 
the mold count in the litter. Kashani and Carlson ( 1 9 8 0 ) 
reported a 2. 3% growth response in turkeys due to the 
addition of 1 20 ppm copper. 
Copper is also used in swine rations very extensively 
especially in England and other European countries. Cro□-
well et g. ( 1 98 1 )  summarized the results of 1 8  experi­
ments. They reported 250 ppm copper to increase body 
weights by 3. 1 %  and that swine re quired 2. 5% less feed per 
unit of gain. 
High levels of copper in the poultry diet has been 
shown to be harmful and interferes with the metabolism of 
the sulfur-containing amino acids, methionine and cystine. 
Christmas and Harms ( 1 9 7 9 ) reported that 500 or 750 p p m 
copper in the diet significantly produced gizzard erosion, 
decreased feed intake and resulted in a reduction in final 
body weight of  turkeys . The addition of 0. 4 percent meth­
ionine did tend to increase feed consumption and growth 
rate in this study. Robbins and Baker ( 1 980a) found that 
chicks fed a purified diet were more susceptible to copper 
toxicity than those fed a corn-soybean meal diet. T hey 
reported that addition of  sul fur-containin3 amino acids 
(methionine and cystine) alleviated copper toxicity to some 
extent. In another study, Robbins and Baker ( 1 93 0b) used a 
soy-protein se�ipurified diet to determine the ef fect of 
sulfur on the alleviation of copper-induced gro, th depres-
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sion in two breeds of chickens. The die t was com plete in 
every respect except for the deficiency of  sulfur-contain-
ing amino acids. Copper a t  O and 500 ppm levels and D L-
methionine a t  4 levels of 0. 06, 0. 1 2, 0. 1 8  and 0. 24 percent 
were fed to the birds. Using 20-day weights, the sulfur-
containing amino acids requirements were calcula ted by 
"estima ting the requirements as the abscissa of the poin t an 
the fi tted curve whose ordinate w as 95% of the upper asymp­
tote" as described by Robbins e t  al. ( 1 979 ) .  
Sulfur-containing amino acid requirements were es ti­
ma ted 0. 55% a t  zero copper in both breeds. Copper a t  500 
ppm increased the sulfur-containing amino acid require-
ments to greater than 0. 67%  and gain increased linearly 
with each methionine addi tion. The growth response a t  the 
0. 24% level of methionine; however, was grea ter for the 
heavie� breed than for the ligh t breed with the 500 ppm Cu 
level in that the heav�er chicks reached abou t 90 % of 
□aximum weight achieved by control birds compared wi th 7 5 %  
of maximum performance for light breeds. This difference, 
however, was reported to be due to the differences in feed 
consump tion. Addition of sulfur-containing amino acids in 
the diet did no t decrease the concentration of copper in 
the liver of birds receiving 500 ppm Cu. In anoth er exper-
imen t, these inves tiga tors found tha t the requirements for 
sulfur-containing amino acids for birds receiving 0, 250 or 
500 ppm of copper were es timated a t  0.59, 0.6 4  and 0. 7 7  
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p ercent, r espectively . Copper addi tions lin early incre ased 
erosion score of the gizzard lining and coppe r concentra-
tion. M e thionine slightly d e creased copper content of  the 
gizzard lining in chicks fed high amoun ts of Cu but it did 
no t correct the gizzard erosion. 
English work ers repor ted that the addition of 250 ppm 
copper to a wh e at-fish meal die t with 0 . 7 5  percent me thio­
nine and cysteine has be en shown to increase chicks ' grow th 
by five p ercen t but this le v el of copper significantly 
d ecreased grow th when add ed to corn-soybean meal die t con-
taining 0. 65 percen t sulfur-containing amino acids (J enkins 
e t  tl • ,  1970). 
These results indicat e  that the sulfur containing 
amino acids requirements w er e  increas ed by with the 
addi tion of 250 ppm Cu and by 3 0% with the addition of 50 0 
ppm Cu. An eight percen t increase of sulfur-containing 
amino acids requiremen ts with 2 50 ppm Cu is interesting and 
is particularly impor tan t in th e poultry indus try since 
corn-soybean meal die ts limited in S-AA are typical for 
poultry and therefore high levels of Cu could cause growth 
depression. 
Copper-Antibio tic R ela tionship 
Althou gh the growth response from the f e eding o f  
copper is generally though t to be  sirailar to that of  fe ed-
ing antibio tics, 
could be additiv e. 
the response of these two fe e d  additiv es 
Beam es and Lloyd ( 1965) reported that a 
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com bination o f  250 ppm Cu  and 1 1 0 p p m T ylosin cau sed 
better growth rate than when these two compouri ds were fed 
singly. Stahly il _tl. ( 1 980) reported that the single 
addition o f  Cu, Aureomycin or virginiamy cin improved daily 
gains in early-weane d pigs by 22 and 1 7 %, respectively 
during 28-day trials. Dietary inclusion of both copper and 
an antibiotic ( A ureomycin or virginiamycin) further i m­
proved daily gains by 1 0  to 1 1 % and feed efficie ncy by 2 to 
5% compared with the single addition of  each antimicrobia l  
agent. The addition of copper to the diet also increased 
postweaning pig survival in this study. Cromwell et al.  
( 1 98 1 ) combined the results of several studies on feedin g 
com bination of copper and anti biotics �nd reported t hat the 
combination of copper and antibiotics will improve growth 
rate and feed efficiency greater than when these com p o unds 
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F i g u r e  3 .  R e l a t i v e i m p r o v e me n t s  i n  p e r f o r ma n c e  o f  w ea n i n g  p i g s  f r o m  s i n g l e  
a d d i t i o n u n d  t h e c o m b i n e d  a d d i t i o n  o f  c o p p e r  ( 2 5 0  p pm )  a n d  a n t i b i o t i c s  t o  
t h e  d i e t . ( F r om C r omwe l l  � ..tl_. , 1 9 8 1 ) .  
w 
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Status .2.f Copper 
4 0  
Copper at high levels has not been cleared as a "feed 
additive" by the Food and Drug Administration (F DA ) for use 
in swine or poultry feeds at this time. There are several 
concerns that have to be resolved 
taken to approve copper usage at 
additive. 
One concern is whether or not 
copper in the liver of animals fed 
a potential human health hazard. 
before action will be 
high levels as a feed 
an increased level of 
high copper constitutes 
This risk would be 
greater for people with "Wilson's Disease ", a condition in 
which excessive copper is retained in the body (Unden·rood , 
1 9 77 ) .  A second concern involves the effect of spreading 
high-copper manure on the pasture and its effect on grazing 
animals especially sheep. Sheep are very sensitive .to 
copper toxicity. Cromwell et al. ( 1 98 1 )  spread manure fro□ 
pigs fed 250 ppm Cu on pasture over a three-year period.  
They observed no adverse effect on sheep allowed to graze 
on this treated pasture. Prince et al. ( 1 9 75) fe d high-
copper pig manure directly to sheep at a level that pro-
vided 60 ppm dietary copper. They reported that this level 
of copper did not cause any toxicity in sheep . := ven Cu 
concentration in the liver did not rise in this study . 
This level of Cu (6 0 ppra ) has shoun to be very toxic to 
sheep if fed as copper sulfate ( 7line et al . , 1971 ) . These 
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investigators postulated that the copper in the feces is 
largely in an unavaila ble f orm. 
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MATERIALS AND METHODS 
A total of four ex periments were conducted to examine 
the effect of copper, Zn-bacitracin, Nee-Terramycin and 
virginiamycin on the growth of · turkeys. A total of 3 7 80 
male and 2 16 female Nicholas White turkeys obtained from a 
commercial hatchery were used in this study. Female 
turkeys were used o�ly in the last experiment. All birds 
were de beake d and detoed at one day of age at the hatchery. 
All experiments were carried out in two windowless houses 
with a forced ventilation system. Birds were randomly 
distri buted in both houses. In each of the first 3 experi­
ments, 26 toms were allotted to each pen in one house (west 
house) containing 24 pens and 5 2  toms were placed in each 
pen in the other house (east house) containing 1 2  pens. 
Only the west house with 24 pens was used for the 4th 
experiment. Feed and water were provided ad libitum and 
fresh wood shavings were use d as bed ding for each experi­
ment. Individual weights and group feed consumption data 
were o btained at 4-week intervals. For the first three 
experiments the number of bird s  were reduced to 20 and 40 
birds per pen in the west and east house after eight weeks 
of age by removing the weight extreraes. These nuo bers were 
again similarly reduced to 15 and 30  birds per pen after 12 
weeks of age. Data were su bjected to statistical analysis 
4 3  
for differences among treatments according to analysis of 
variance (Steel and Torrie, 1 9 80) . 
Experiment 1 
This experiment was designed to determine the effect 
of copper on  the sulfur-containing amino acid requirements 
of turkeys. This decision was based o n  a previous study at 
this laboratory which showed that the addition of 120 ppm 
Cu as copper sulfate caused. a slight decrease in body 
weight at 8 and 1 6  weeks of age when low protein diets 
containing 75, 85 or 1 00 %  of the N RC ( 1 9 7 7) recommended 
sulfur-containing amino acid levels were used (Kashani et 
1 9 80) .  
decreasing 
This level of Cu ( 1 20 ppm) was suspected of 
sulfur amino acids (S-AA) utilization and 
causing growth depression. Thus, this factorial experiment 
was designed to determine the effect of 60, 1 20 or 240 ppm 
Cu on the growth rate of turkeys as affected by three 
different levels of sulfur containing amino acids (75, 1 00 
or 1 25% of N RC requirements ) .  
A total of 1 200 day-old tom turkeys were used i n  this 
experiment. The low protein dietary series provided 23, 
20, 1 8, 16, 14 and 12% protein, dropped at 4 week inter-
vals, as recommended by Guenthner et _tl. , (1 9 78 ) .  The 
compositions of the low protein diets are shown in Table 2. 
These diets provided only 75% of the RC recommended levels 
of S-AA. Additional DL-methionine was added to provide 
diets containing 1 00 or 1 25% of S-AA. Copper in the form 
44 
of copper sulfate was used in this experiment. The turkeys 
received 0, 60 , 1 20 or 240 ppm Cu. Three replicates were 
used for each treatment. To study whether or not addition 
of copper would increase blood and/or liver copper content, 
at the termination of this experiment, blood and liver 
samples from two turkeys from each pen were obtained for 
coppe r analysis . Blood samples were drawn through cardiac 
puncture prior to slaughter of the birds. Heparin was used 
as an anticoagulant . Plasma was separated and diluted with 
five parts of 0. 1% aqueous Triton X-1 00. Copper concentra­
tion was then determined using a model 503 Perkin-Elmer 
atomic absorption spectrophotometer equipped with a model 
21 00 heated graphite atomizer and background cor rection. 
Whole liver was detached f r om the gall bladder, cut 
into small pieces, mixed and an aliquote was dried over-
night at 100 C. A 0. 5 g ram sample of the dried liver was 
boiled with 10 ml concentrated nitric acid to reduce volume 
to 2 ml. The digest was diluted to 10 ml with water and 
copper content was deter mined by flame atomic absorption 
spectrophotometry ( model 503 Perkin-Elmer). All copper 
analysis procedures w e r e  done under the direction and 
supervision of Dr. R .  J .  Emerick at South Dakota State 
University Biochemistry Station. 
on 1 -1 2-82 and ended 6- 28-82. 
This experiment started 
Ta b l e  2 .  C om p o s i t i on o f  l ow p ro t e in d i e t s ( % ) .  
I n g r e d i e n t  
C o r n 
S BM ( 4 7 % ) 
A l f a l f a  m e a l 
( 1 7 . 5% )  
F i s h  mea l 
Y e l l o w g r e a s e  
L i me s t o n e  
D i c a l c i u m p h o s ph a t e  
TM - sa l t *  
V i t a m i n  p r e m i x ** 
L y s i n e  
DL-me t h i o n i n e  
0-4  







0 . 5  
1 
0. 2 2  
0. 2 9  
Ca l c u l a t e d A n a lys i s  
Cr u d e  p r o t e in ( % ) 
M E  ( K c a l / kg ) 
Ca l c i u m ( % ) 
P h o s ph o r u s ( % )  
2 3  
2 79 1  
1 . 6 1 
0. 8 3  
4 - 8  
5 7 . 2 0  






o . s  
1 
0. 3 8  
0. 2 2  
2 0  
2 8 6 5  
1 . 40 
0. 80 
A g e  o f  b i r d s  ( w e e k s )  
8 - 1 2  
6 5 . 2 5  






0 . 5  
0 . 1 6 
0. 38  
1 8  
2 9 50 
1 . 30 
0. 7 2  
1 2 - 1 6 
70 . 7 4 





0 . 5  
0. 5 
0 . 1 1 5 
0 . 1 8 5  
1 6  
30 1 1  
1 .  3 0  
0 . 7 2 
1 6 - 2 0  
7 6 . 1 8  





0 . 5  
0 . 5  
0 . 1 3 
0. 0 7  
1 4  
3 0 6 7  
1 . 3 0  
0 . 7 0 
* TM - sa l t  m i x c o n t a i n e d  i n  p e r c e n t , n o t  l e s s  t h an 0. 2 50 Mn , 
. 0 33  C u , . 00 2 5  Co , . 005  Z n , 9 7  N a C l , . 1  S ,  . 2  F e  a n d  . 00 7  I .  
2 0 - 2 4  
8 1 . 50 






o . s  
0 . 0 8  
0 . 0 7 
1 2  
3 1 2 0 
1 . 3 0 
0. 7 0  
* * V i t a m i n p r e m i x c o n t a i n e d  p e r  K g , 1 , 0 56 , 000 I U , V i t . A ;  2 7 5 , 000 I U , 
V i t . D ;  4 , 400 I U , V i t . E ;  1 . 7 6 m g , V i t  B 1 2 ; 1 . 3 2 0  m g , r i b o f l a v in ;  8 . 8 g m  
n i a c i n ; 1 . 7 6 m g  d - p a n t o t h eni c a c i d ; 7 6 . 3 8 4  m g  c h o l i n e ; 2 1 7 . 8  m g  m end i o n e ; 





In this experiment, the effect of three different feed 
additives (Cu , Zn-bacitracin and Neo-Terramycin) on the 
growth rate of 1200 d ay-old Nicholas White tom turkeys were 
compared to each other in another factorial design. Birds 
received either low protein d iets, identical to those used 
in Experiment 1 or a high protein diet (32, 29, 24, 2 1, 18 
and 16% protein, 
by Waibel, 1975. 
dropped at 4-week intervals) recommended 
Birds on the low protein diet received 
either 75 or 125% of the N RC ( 1977) recommended S-AA 
levels. Compositions of hig h  protein diets are shown in 
Table 3. These diets provided 125 of the N RC (1977) recom-
mended levels of S-AA. Supplements of 60 ppm Cu, 200 gram 
per ton Neo-Terramycin • (80 gram per ton Terramy cin after 12 
weeks) and 50 gram per ton of Zn-bacitracin (25 gram per 
ton after 8 weeks) were used in this experiment. Three 
replicates were used for each treatment. This experiment 
was conducted for 24 weeks, starting 9-22-8 2 and ending 3-
8-8 3. 
Ta bl e 3 .  C om p o s i t i o n  o f  h i g h p r o t e i n  d i e t s ( % ) . 
A g e  o f  b i r d s  ( w e e k s ) 
I n g r e d i e n t  0-4  4 - 8  8- 1 2  1 2 - 1 6  1 6- 2 0 
Co r n 2 1 . 2 7 2 8 . 50 4 7 . 2 5 5 3 . 7 7 60 . 7 0  
S BM ( 4 8% ) 58 . 3 7 5 2 . 4 0 3 7 . 1 5 30 . 7 3 2 5 . 00 
F i s h  m e a l 3 . 03 2 . 60 2 . 2 3 1 . 80 1 .  4 0  
Y e l l o w  g r e a s e  1 0 . 98 1 0 . 50 8 . 50 9 . 2 0 9 . 30 
L i m e s t o n e  1 . 54 1 . 5 0 1 .  3 3  1 . 2 2 . 6 4 
D i c a l c i u m p h o s ph a t e  3 . 0 1 2 . 80 2 . 46 2 . 1 5 1 . 8 5 
TM - sa l t *  0 . 5  o . s o . s  o . s  o . s  
V i t a m i n p r em i x ** 1 1 0 . 5  0 . 5  . 0 .  5 
DL-me t h i o n i n e 0 . 3  0 . 2 3 0 . 1 8 0 . 1 5 0 . 09 
Ca l c u l a t e d A n a lys i s  
C r u d e  p r o t e i n ( % )  3 1 . 7 3 2 9 . 2 5  2 3 . 88 2 0 . 8 2 1 8 . 2 4 
M E  ( K c a l / k g )  3007  3080 3 1 8 5 3 2 90 3 3 8 0  
L y s i n e ( % ) 2 . 08 1 . 8 8 1 . 4 2 1 .  2 1  1 . 0 3  
S - A A  ( % )  1 . 3 0 1 . 1 6 0 . 96 0 . 8 3 0 . 7 0 
* * *  S e e  T a b l e  2 .  
2 0 - 2 4  
6 4 . 4 0 
2 0 . 6 0 
1 . 00 
1 0 . 5 0 
. 9 7 
1 . 5 0 
0 . 5  
. s o 
0 . 0 3 
1 6 . 2 4 
3 4 7 5  
0 . 86 





Another 1 2 00 day-old tom turkeys were used in this 
experiment to investigate the effects of Neo-Terramycin and 
copper on the growth rate of turkeys and to study if the 
effe �ts of these two compounds were additive. One half of 
the turkeys received the low protein dietary series similar 
to those which were used in Experiment 1 (Table 2) and the 
other half received low protein series diets which con-
tained 20% wheat bran . The protei n percentages in these 
diets w e r e  similar to diets used in  Experiment 1 but they 
w e r e  n ot isocaloric. Table 4 s h o w s  the composition of 
these diets. Birds received either no  feed additives at 
all as a control group or 2 00 gram/ ton  Neo-Terramycin (80 
gram/ton  Terramycin after 1 2  weeks) or 1 20 ppm as copper 
sulfate in addition to Neo-Terramycin . Birds were kept on 
the. experiment for 2 4  we eks from 1 2-4-83 to 6-1 7-84. Three 
replicate groups for each treatmen t  were used in this 
experiment. 
� 
Ta b l e 4 .  C om p o s i t i o n  o f  l o w p r o t e i n  d i e t s  i n c l u d i n g w h ea t b r a n . 
A g e  o f  b i r d s  ( we e k s ) 
I n g r e d i e n t s  0-4  4 -8 8 - 1 2  1 2 - 1 6  1 6 - 2 0  2 0 - 2 4  
Co r n 30 . 44 3 8 . 2 1 4 6 . 2 7 5 1 . 7 9 5 7 . 1 9 6 2 . 46 
S BM ( 4 7% ) 3 5 . 50 2 7 . 66 2 2 . 1 3 1 6 . 86 1 1 . 5 5 6 . 3 2 
Whea t b r a n  2 0  20  20  2 0  2 0  2 0  
A l f a l f a  m e a l 2 2 2 2 2 2 
F i s h  m ea l 2 2 
G r e a s e  1 1 1 1 1 1 
L i m e s t o n e  3 3 3 3 3 3 
D i Ca l - P04 2 2 2 2 2 2 
TM - sa l t *  0 . 5  o . s  0 . 5  0 . 5  o . s  o . s  
V i t am i n p r e m i x * * 1 o . s o . s o . s  o . s  o . s  
Ame r i - b o n d  2 2 2 2 2 2 
L y s i n e 0 . 2 7 0 . 4 0 0 . 4 1 0 . 2 1  0 . 1 6  
DL-me t h i o n i n e 0 . 2 9 0 . 2 3 0 . 2 0 0 . 1 5 0 . 1 0 
Ca l c u l a t e d  A n a lys i s  
Cr u d e  p r o t e i n ( % ) 2 3  2 0  1 8  1 6  1 4  1 2  
M E  ( K c a l / kg ) 2 3 2 8  2 4 00 2 4 85 2 54 5  2 6 00 2 6 3 5  
C a l c i u m ( % )  1 . 4 3 1 .  4 1 . 3 1 . 3 1 .  3 1 . 3 
P h o s ph o r u s ( % )  1 . 0 0 . 96 0 . 90 0 . 86 0 . 85 0 . 8 5 





In this experiment only the west house with 24 pens 
w as used . A total of 1 80 males and 2 1 6 females were used . 
Each pen contained either 1 5  m ales or 1 8  females. This 
experiment started on 1 - 1 0-84. Females were on experiment 
for 1 6  weeks and were off test on 5-4-84. Males were on 
the experiment for 20 weeks and were off the test on 5-29-
84. This experiment was designed to investigate the 
effects of a com bination of virginia my cin and amprolium, a 
coccidiostatic  drug, on the growth of turkeys. All birds 
received 0. 025% a mprolium in their diet. One half of birds 
also received 20 gm /ton virginiamy cin in addition to a mpro� 
lium . 
A normal protein series diets recommended by NRC 
(1 977 )  provided 28, 26, 22, 1 9  and 1 6 % protein for each 
successive 4-week period (Ta ble 5 ) .  Six replic ates for 
ea c h  treatment were used in this experiment. 
� 
T a b l e  5 .  C om p o s i t i o n  o f  n o r m a l p r o t e i n  d i e t  u s e d  i n  e x p e r i m e n t  4 .  
I n g r e d i e n t s  
C o r n  
S BM ( 4 7% ) 
A l f a l f a  mea l 
L i m e s t o n e  
D i c a l c i u m p h o s ph a t e  
TM - sa l t *  
V i t a m i n  p r e m i x * *  
DL-me t h i o n i n e  
C a l c u l a t e d  A n a lysi s 
P r o t e i n ( % )  
M E  ( K c a l / k g ) 
L y s i n e ( % ) 
S - A A  ( % )  
* ,  * *  S e e  Ta b l e  2 .  
0-4  
4 1 . 3 5 




0 . 5  
1 . 0 
0 .  1 S 
2 8  
2 6 90 
1 .  7 3  
1 . 05 
A g e o f  b i r d s  ( we e k s )  
4-8  
4 7 . 5 5 




o . s  
0 . 5 
o . o s 
2 6  
2 7 60 
1 . 58 
0 . 90 
8- 1 2  
5 7 . 6  




0 . 5 
0 . 5 
2 2  
2 8 60 
1 . 6 7 
0 . 7 5 
1 2 - 1 6  
6 5 . 8  




0 . 5  
0 . 5  
1 9  
2 9 50 
1 . 0 3 
0 . 65 
1 6 - 2 0  
7 3 . 6  




0 . 5 
0 . 5 
1 6  
30 2 5  
0 . 8  




RESULTS AND  DISCUSSION 
Experiment l 
Average data for body weights at 4 and 8 weeks of age 
are shown in Table 6 .  Up to 8 week of age, poults receiv­
ing the 75% of N RC (19 7 7 )  re commended levels of sulfur­
containing a mino a cids had signific antly (P<0. 05) lower 
body weights compared to those on the 100 or 125% S-AA 
diets . Addition of 120 or 240 ppm c opper signific antly 
(P<0 . 05) decreased body weights of poults up to 8 weeks of 
age . Turkeys on diets containing 60 ppm Cu did not show 
any response to this feed additive at  4 weeks of age and 
their body weights were comparable to poults receiving the 
control diet. However, addition of this level of Cu sig­
nific antly (P<0 . 05) increased body weights at 8 weeks of 
age . 
Tables 
keys at 12, 
age, the 
7 and 8 show the average body weights of tur-
16, 20 and 24 weeks of age . At 12 weeks of 
results for the S-AA treatments were the same as 
for 8 weeks of age with turkeys on the 100 or 125% S-AA 
levels being signific antly (P <0 . 05) heavier than those on 
the 75% levels of S-A A. At 16 weeks of age, poults receiv­
ing the 100 or 125% S- AA were still heavier than those 
receiving the 75% of RC levels of S-AA but the signifi­
c ance level was at P<0. l rather than P<0. 05. No signifi­
c ant differences in body weights were observed in the 12 to 
53 
24 week d�ta due to the additio n o f  a ny level s  o f  Cu. N o  
interactio ns between levels o f  methio nine a nd co p per were 
o bserved at a ny age. 
Tab l e  6. Average b ody weights o f  m a l e  turkeys at 4 a nd 
8 weeks o f  age as a f fected by levels o f  Cu a nd S-AA. 
S-AA co ntent 




































BW  @ 8 weeks , 1.& 
2. 94 2. 71 2. 66 
3. 24 3. 06 3. 07 
3. 25 3 . 11 3. 12 





2. 79  a 
3 . 14 b 
3 . 16 b 
Mea ns with dif ferent superscripts are significa ntly 
dif ferent (P < 0. 05). 
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Tabl.e 7 .  Average body weights of male turkeys at 12 and 
16 weeks of age as affected by levels of Cu and S-AA. 
S-AA content Coeeer 2 
as % of N R C  0 60 120 240 Average 
BW @ 12 weeks 1 kg_ 
75  5. 68 5. 53 5. 49 5. 35 5 . 51a 
100 5. 81 5. 93 5. 91 5. 8 8  5. 8 8 b 
125 5. 92 5. 91 5. 7 8  5. 79 5. 85b 
Average 5. 80 5. 79 5. 7 3  5. 69 
BW @ 1 6  weeks 2 kg_ 
75  8 . 71 8. 7 3  8. 7 0  8 . 52 8. 66* 
100 9 . 06 9. 26 8. 95 9 . 21 9. 13 
125 9. 20 9. 05 9 . 04 9 . 21 9 . 13 
Average 9. 00 9. 01 8 . 90 8. 98 
a, b 
Means with different superscripts are signifi­
cantly different (P <0. 05) . The absence of superscripts on 
main effect averages indicates no significance . 
* P < 0. l .  
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Table 8. Average body weights of male turkeys at 20 and 
24 weeks of age af fected by levels of Cu and S-AA. 
S-AA content 
as % of N R C  0 
75 11. 53 
100 11. 58 
125 11. 76 
Average 11. 63 
75 13. 47 
100 13. 59 
125 13. 50 
Average 13. 52 
a 
The absence of 
Coe:eer 2 
60 120 240 
BW @ 20 weeks z � 
11. 30 11. 53 11. 44 
11. 74 11. 30 11. 68 
11. 71 11. 78 11. 84 
11. 58 11. 54 11. 68 
BW @ 24 weeks 2 � 
13. 30 13. 43 13. 60 
13. 62 13. 15 13. 75 
13. 64 13. 66 13. 58 
13. 52 13. 42 1 3. 64 
superscripts on mean e f fect 









The results from this experiment which showed growth 
responses due to the addition of  methionine up to 16 weeks 
of age confir ms the applica bility of NRC ( 1977) data for 
the S-AA requirements by turkeys up to this age. These 
levels of S-AA are higher than those reported to be 
required by Potter and Shelton ( 1974) . They obtained 
maximum body weights of turkeys at 4 and 8 weeks of age by 
using lower levels of protein and sulfur amino acids. The 
56 
disappearance of a response to methionine at higher than 
75% of the N RC recommended levels after 16 weeks in this 
experiment indicate that 75% of the S-AA may be adequate 
for older turkeys. 
The growth depression effect up to 8 weeks of age due 
to the addition of 120 or 2 40 ppm copper is in general 
agreement with other reports. Harms and Eberst ( 1 9 7 4) and 
Carlson il al. (19 7 9 )  reported growth depressions due to 
the addition of 120 or 130 ppm Cu. On the other hand, 
Sullivan and Tordrop (19 75) did not obtain any responses 
from the addition of 125 or 250 ppm Cu to turkey diets. 
However, Scott and Peter (19 65 )  compared copper sulfate 
(550 mg/ kg) with 13 other antibiotics and antimicrobial 
agents and reported a growth stimulation from copper sul­
fate comparable to that from effective antibiotics and 
other antimicrobial agents. Guenthner et 21_ .  ( 19 7 8 ) 
reported a growth stimulation effect in turke ys from 120 or 
2 40 ppm Cu when normal or low protein diets contained 4-
nitrophenylarsonic acid ( 4-nitro ) at 0. 018 75% of the diet. 
These authors suggested that it is possible that 4-nitro at 
the recommended level ties up the naturally occurring 
copper in the feed and causes growth depression in turkeys 
receiving diets without copper supplementation. They  
also reported that incidence of aortic rupture was higher 
among turke ys receiving 4-nitro, w i t h  copper supplement­
ation dramaticall y reducing this incidence in the presence 
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of 4-nitro. Bowen il al. (1971a, 1971b) demonstrated that 
cupric sulfate interferes w i t h  the prophylactic efficacy of 
4-nitro and two other antihistomonal agents against histo­
monasis (Blackhead disease) in turkeys. Czarnecki and 
Baker (1984) reported that Roxarsone (3-nitro-4-hydroxy­
phenylarsonic acid) , a c ommonly used feed additive whic h 
has been used to increase chick gain and improve feed 
efficiency, when used in the treatment of c oc cidiosis has 
caused growth depression in the presence of 250 ppm C u. 
It  should also be noted that although the NRC (1977) recom­
mended level for copper is 4-6 ppm for turkey poults, 
studies indicate that the requirement may be higher (Scott 
_il al. 1982) . T he latter authors recommend a 10 ppm copper 
level for poultry. T he total copper content in the rations 
used by Guenthner il al. (1978) was about 7 ppm. If 4-
nitro ties up Cu, a c opper deficiency with depressed growth 
would result. Addition of copper would overcome this defi-
ciency and improve growth. T he higher incidence of aortic 
rupture among turkeys receiving diets without copper sup­
plementation, in the Guenthner et g. (1978) study, can 
also be explained in that copper is required for incorpor­
ation of lysine into desmosine (elastin) in the aorta . 
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Because many turkeys are now raised in confinement and 
the risk of blackhead disease is minimal, the antihisto-
monal agents frequently are not used in turkey diets which 
may minimize the chance of copper deficiency. In this case 
copper probably will provide its stimulating effect at 
lower levels (60 ppm), and higher levels such as 12 0 or 240 
ppm could be harmful to turkey performance perhaps because 
of its possible interactions with other nutrients such as 
sulfur or with feed additives. 
Copper was shown to interfere with sulfur-containing 
amino acids utilization in chickens when purified or semi­
purified diets were used ( Robbins and Baker, 198 0a, 198 0b). 
These authors also showed that the addition of 250 ppm 
copper increased liver and gizzard copper concentration and 
gizzard erosion score. Poupoulis and Jensen (1976) and 
Jensen and Maurice (1978) also reported an increase in 
gizzard erosion score due to copper additions. Methionine 
supplementation was reported to 
tion in the liver (Robbins and 
decrease copper concentra-
_ Baker, 1980a). However, 
supplemental methionine was reported to be inactive in 
preventing the copper-induced gizzard erosion (Robbins and 
Baker, 198 0b, Jensen and Maurice, 1978), supporting the 
idea that copper per se, and not the copper induced S-AA 
defi�iency, was responsible for gizzard erosion. 
High levels of copper (50 0  ppm) have been shown to 
increase S-AA requirements by 3 0% (Robbins and Baker, 
5 9  
1 98 0 b ) .  Severe methionine deficiency may lead to a 
decrease in critical sulfur-containing metabolites such as 
glutathione and result in an increased susceptibility of 
the giz z ard lining to oxidative damage. Similarly, copper 
is a strong oxidizer and also is readily associated with 
free SH-groups. Thus, Cu may limit glutathione avail­
ability and also increase giz zard susceptibility to oxida­
tion. Glutathione is required for conversion of cystine to 
cysteine. Although animals can utilize cystine, cysteine, 
per se, is the form required for protein synthesis. Copper 
can readily be chelated by compounds with free SH-groups 
such as cysteine or glutathione (Figure 4). Once the 
copper-SH bond has formed (with cysteine or glutathione) 
the product can not be easily dissociated and would be 
excreted as such. This would limit the cysteine avail­
ability. The cystine-Cu chelate also could lower copper 
toxicity. 
++ 
Cu + 2 Cysteine 
H l H 
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Figure 4. The chelation of Cu b y  cysteine and subsequent 
oxidation to cystine. 
As can be seen from Table 9, -copper concent ration in 
liver and plasma we re  not affected significant ly by addi-
tion of any levels of copper o r  me thionine. These resul ts 
a re consisten t  with the repor t of Guenthne r il al.  (1 978) 
that showed no change i n  l i ve r  copper of mal e  turkeys at  
2 4  wee k s  of age due to  the addition of 2 40 ppm Cu to the 
diet.  Unchanged plasma copper values in this experiment 
are also consistent w i t h  the Thomas and Goatcher (1 97 6) 
repor t which showed no significan t increase in the blood 
copper of laying hens from the addition of 7 20 ppm dietary 
copper. However, 
per significantly 
6 1  
these authors reported that 7 20 ppm cop­
increased liver copper content, and 
decreased feed consumption, weight gain and egg production. 
Robbins and Baker (1980a, 1980b) reported that 250 ppm 
caused a significant increase in chick ' s  liver Cu when 
purified or semipurified diets w e r e  used. Cromwell et al. 
(198 1) summarized the effect of dietary copper on the 
copper concentration in s w i n e  liver in 15 experiments and 
reported that up to 200 ppm copper will not significantly 
increase copper concentration but higher levels increase 
liver copper dramatically. Beames and Lloyd (1965) reported 
that a high level of dietary copper increased liver copper 
in pigs but not in rats. A comparison of these results 
w i t h  the results obtained from this experiment indicates 
that the metabolism of high dietary copper in turkeys must 
be different from chickens. The data in this experiment 
showing no changes in plasma and liver copper contents not 
support an increased absorption of copper with dietary 
increases up to 240 ppm. Thus, it could be concluded that 
the effect of copper on growth is not due to its absorption 
and metabolism but could be due to its effect on the elimi­
nation of certain microorganisms in the intestine or 
changes in the thickness of the small intestinal wall. 
King (1972) had reported that the weights of the small 
intestine of chicks expressed as a percentage of body 
weights were reduced by feeding 100 ppm copper. In another 
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report, King (1 97 5) reported smaller ceca in ducklings due 
to the addition of 1 00 ppm dietary copper. 
S-AA 
Table 9. Ef fect of copper and S-A A addition on 
liver and plasma copper content. 
content Copper1 
as % of N R C 0 60 12 0 240 Average 
7 5  13. 9 
100 1 4. 4  
12 5 17. 7 
Average 15. 3 
7 5  . 16 
100 • 1 7 
1 2 5 . 15 
Average . 16 
* Dry basis. 
a 
Liver 
1 8. 0  
1 6. 5  
16. 6 




. 1 6 
. 15 
copper, .E..E.E!:. 
18. 3 1 6. 1  
17. 7 24. 9 
22. 3 1 5. 5  
19. 4 1 8. 8  
c opper, .E..E.!!!. 
• 14 . 16 
• 1 7 . 1 9 
. 19 . 15 
• 1 7 . 1 7 
The absence of superscripts on m ain e f fect means 
indicate no significant dif ferences. 
1 6. 6a 
1 8. 4  
1 7 . 5  
. 1 5 
. 17 
. 1 6 
Table 10 shows t he overall f eed conversion, (units of 
feed required to produc e one unit o f  gain ) ,  obtained in 
this experiment . Turkeys on 100 or 1 25% o f  the S-A A  were 
slightly more e f f icient ( 1 %) i n  converting feed than those 
on 7 5% S- AA.  Addition of copper to the diets did not make 
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any significant changes in overall feed consumption in this 
study. However, at 1 6  weeks, the age of which many turkeys 
are being marketed, birds on 1 20 or 240 ppm Cu were 8% more 
efficient and those on 60 ppm copper were 3% more efficient 
in converting feed as compared to the control group. 
Table 1 0. Effect of levels of copper and S-AA on 
the accumulative feed conversion (0-24 weeks). 
S-AA content CoEEer 1 
as % of N RC 0 60 1 20 240 Average 
75 3. 05 3. 12 3. 07 3. 0 3  3. 0 8  a 
1 00 3. 07 3. 05 3. 06 2. 9 9  3. 04 
1 25 3. 08 2. 98 3. 06 3. 0 3  3. 0 4  
Average 3. 07 3. 05 3. 06 3. 02 
The absence of superscripts on main effect means 
indicate no significant differences. 
ExEeriment 2 
Table 1 1  shows the average body weights of turkeys at 
4 and 8 weeks of age. At all stages, turkeys receiving the 
higher protein diet showed significantly (P<0. 05) heavier 
body weights compared to those on the low protein diets. 
Poults on diets with the 1 25% RC levels of S-AA grew at a 
significantly (P<0. 05) increased rate over those on the 75% 
S-AA diets at this age. Addition of Neo-Terramycin at 4 
weeks of age caused a significant (P<0. 05 ) increase in body 
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weights o ver that o f  poults receiving 60 ppm copper or no 
feed additives at all. No significant d ifferences (P>0. 05) 
were observed among poults receiving either Nee-Terramycin 
or bacitracin in their d iets although poults on the Neo­
Terramycin containing diet seemed to be heavier than those 
on bacitracin. 
At 8 weeks of age , poults receiving Nee-Terramycin or 
bacitracin were significantly (P< 0. 05) heavier than those 
on the control diet or those recei ving 60 ppm of copper. 
Turkeys on Neo-Terramycin were also significantly (P<0. 05) 
heavier than those on bacitracin. No significant differ­
ences were observed due to the addition of 60 ppm copper at 
this age. As at 4 weeks of  age, poults on the low protein 
diet with the 1 25% NRC levels of S-AA were produced signif­
icantl y (P<0. 05) heavier than those on  the 75% levels of S­
AA. 
Table 1 2  shows the average bod y weights at 1 2  and 1 6  
weeks o f  age. Turkeys o n  the high protein diet still 
showed significant (P<0. 05) superiority o ver those on low 
protein diets. On low protein diets, turkeys receiving the 
1 25%  NR G levels of S-AA had significantly (P<0. 05) heavier 
bod y weights compared to those receiving only 75% of the 
RC levels of S-AA. For the 1 2-week data, addition of ea­
Terramy cin caused a significant (P<0. 05) increase in bod y 
weight o ver that of turkeys receiving either the control 
diet or the diet with 60 ppm copper. Also, at 1 2  weeks of 
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age, turkeys receiving bacitracin were significantly heav­
ier compared with those on the supplemented copper diet. 
At 16 weeks of age, no significant differences ( P>0. 05) 
were observed due to the addition of any of the feed addi­
tives studied in this experiment, although turkeys receiv­
ing bacitracin seemed to do better. 
The average body weights of turkeys at 20 and 24 weeks 
of age are shown in Table 1 3. At these ages, although the 
1 25 %  N RC levels of S-AA caused only a slight increase in 
body weight compared to 75% S-A A  on the low protein diets , 
the differences were not statistically significant 
(P>0. 05). None of the feed additives under investigation 
caused any significant differences in body weights although 
Terramycin and bacitracin appeared to show some numerical 
increase in body weights at 24 weeks of age. 
ppm caused a slight decrease in body weight. 
Copper at 60 
Statistical 
analyses did not show any interactions between levels of 
protein and feed additives used in this experiment. 
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Table 11. Average body weights of male turkeys at 
4 and 8 weeks o f  age as affected by levels of 
protein, S-AA and feed additives. 
Neo-Terra- Bacit-
mycin racin 
200 gm / 50 gm/ Cu 
Diet Contro l ton ton 60 p pm Average 
BW @ 4 weeks 1 .&!!! 
Low protein 7 7 5  80 3 776  754 7 7 7  a 
7 5% S-AA 
Low protein 789 87 5 834 808 822 b 
125% S-AA 
H igh protein 1029 10 33 1018 1012 1 02 3  C 
125% S-AA 
Average 864 a 898 b 8 7 6  a ' b 858 a 
BW @ 8 weeks 1 .kg_ 
Low protein 2. 75  2. 95 2. 89 2. 79 2. 85 
75% S-AA 
Lo w protein 3. 05 3. 29 3. 15 b 3. 06 3. 14 
125% S-AA 
High p rotein 3. 90 3. 99 3. 91 C 3. 84 3. 91 
1 25% S-AA 
Average 3. 23 a 3 • 4 1  C 3. 31 b 3. 23 a 
a , b , c  
Means with different su perscri pts are signifi-
cantly different (P < 0 . 05) .  
67 
Table 12. Average body weights of male turkeys at 
12 and 16 weeks of age as affected by levels of 
protein , S - AA and feed additives . 
Diet 
Low protein 
75% S - AA 
Low protein 
125% S - AA 
High protein 
125% S - AA 
Average 
Low protein 
7 5% S - AA 
Low protein 
75% S -AA 
High protein 
125% S -AA 
Average 




200 gm / 50 gm/ 









BW @ 12 weeks
1 .!..8. 
6. 0 3  5. 99 
6. 44 6. 28 
7. 40 7. 3 6  
a , b 6 • 62 C 6. 54 b ' c 
BW @ ll 






9. 0 7  
9. 41 
10. 69 






6. 32 a 
8. 62 
9. 0 7  
10. 74 
9. 48 
with different superscripts are 
cantly differen t (P < 0. 05) . 
Average 
5. 87 a 
6. 28 b 
7 • 28 C 
8. 83 a 
9. 25 b 
10 • 64 C 
signifi-
Table 13. Average body we ights of male turkeys 
at 20 and 24 weeks of age as affected 
by protein, S- AA and fe ed additives. 
Terra-
mycin  Bac itracin 
80 gm/ 25 gm/ Cu 
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D i et Control ton ton 60 ppm Average 
BW @ 20 weeks 1 � 




Low protein 11. 83 11. 97 12. 00 1 I. 67 11. 87 
a 
125% S-AA 
High protein 13. 77 14. 18 14. 02 14. 05 b 14. 00 
125% S-AA 
Average 12. 38 12. 70 12. 56 12. 38 
BW @ 24 we e ks 1 .kg_ 
Low protein 13. 41 13. 91 13. 40 
a 
13. 24 13. 49 
7 5% S-AA 
a 
Low protein 13. 62 13. 96 13. 88 13. 21 13. 67 
125% S-AA 
High protein 16. 09 16. 77 16. 3 7  16. 33  16. 39 b 
125% S-AA 
Average 14. 3 7  14. 88 14. 55 14. 26 
a, b 
Means with different superscripts are significantly 
di fferent (P< 0. 05) .  
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The results obtained in this experiment agree in gen­
eral with the Guenthner ( 1 9 78) report which showed that 
turkeys on high protein diets maintained significantly 
(P<0. 05) heavier body weights compared with turkeys receiv­
ing the low protein diets. S ignificant (P<0. 05) differ­
ences in body weights up to 1 6  weeks of age of turkeys on 
low protein diets receiving 75 or 125% of the NRC ( 19 77) 
recommended level of sulfur-containing amino acids confirms 
the results obtained in our first experiment . 
weeks, turkeys on the 1 25% S-AA low protein diet 




ferences were not significantly different, confirming once 
again that 75% S-AA must be adequate for the older turkey 
for optimum growth . However, it should be noted that a 
normal protein diet which is routinely used in turkey 
production, contains more soybean meal such that by the 
time that birds are about 12 weeks of age, their diets 
provide enough methionine and cysteine. These levels pro-
bably are even greater than the 1 00% NRC recommended 
levels. 
The lack of a copper effect on growth rate disagrees 
with the results obtained in Experiment 1 which showed 
significant increases in poult body weights at 8 weeks of 
age. Guenthner et _tl. (1 9 78) also reported that 60 _ppm 
copper was not adequate for stimulating growth in turkeys. 
The lack of copper stimulatory effect could be because 
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growth responses to antibiotics often disappear on contin­
ued use in an old environment ( Waibel et g. , 1954 ; Libby 
and Schaible, 1955 ) . Copper is believed to stimulate 
growth lik e antibiotics by eliminating harmful microorgan­
isms in the intestine ( Cromwe ll il· al. , 19 81 ; Stutz , et 
g . , 1983 ) .  However , Heth and Bird ( 196 2 )  reported that 
the stimulatory effect of antibiotics could reappear in the 
same old facilities . Recently , Dafwang et al. ( 19 8 4) 
reported that several antibiotics are still effective in 
promoting growth even after they have been used continuous-
ly for over 30 y ears. Some reports indicated that new 
antibiotics , which have not be en used previously, stimu­
lated growth more than older antibiotics ( McGinnis il al. , 
1958 ; Wiese an� Petersen , 1959 ) .  We have used copper in 
our experiments for several y ears and if the information 
about disappearance of an antibiotics effect is true, we 
could be in the situation of losing the copper stimulatory 
effect. Waible il g. ( 1954 ) also reported that in such 
disappearance cases , the growth rate of the basal group was 
often improved to the level achieved by antibiotic supple­
mentation. According to growth standards reported by 
Jensen in 1981 , large type male turk eys should weigh 11. 57 
kg at 20 wee ks of age. In our studies, the average weights 
qf turkeys not receiving any m edication or 60 ppm copper at 
20 we e ks of age were 12 . 3 8 kg which is considerably higher 
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than the stand ard weights . This is relevant, as feed a d di-
tive supplements usually s h o w  greater growth responses when 
the growth level is suboptimum. 
The stimulatory effect of ba c itra cin and Neo-Terramy­
cin at an early age is in agreement with the reports of 
several other investigators . Wiegers and Sullivan (1 959) 
and Daghighian and Waibel (1 982) reported a signific ant 
increase in body weights of turkeys up to 8 weeks of age 
from the a d d ition of ba citra c in. Combs and Bossard ( 1 96 3) 
compared different antibiotic s  with ea ch other and showed 
male chicks responded signific antly to Terramy cin at 28 
d ays but not at 47 d ays of age. They did not find any 
signific ant differenc e  in bod y  weight due to a d dition of 
bac itra cin. Chang and Waible ( 1 970 )  reported a signific ant 
increase in body weights of three week old turkeys due to 
the a d dition of ba citra cin. Heuser and Norris ( 1 952) 
reported that bacitra cin and Terramy cin stimulated growth 
in c hickens and the greatest relative growth stimulation of 
chicks due to antibiotics was found to oc cur during the 
first four weeks. The d ifferences in weight d isappeared as 
the chicks grew older. The same results have also been 
reported by Potter� 2..!_. ( 1 962) who showed that chicks 
responded signific antly to antibiotics at 4 weeks but not 
at 8 w e e k s of age. Our results confirm these reports in 
that the effect of ba citra cin d isappeared after 8 weeks of 
age and the eo-Terramy cin effect on bo dy weights was 
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significant ( P < 0. 05)  only up to 1 2  weeks of age. The 
longer stimulatory effect of Neo-Terramy cin on weight gain 
was probably due to the fact that this antibiotic was first 
used in our experimental station for this study. Some 
investigators believe that the magnitude of responses 
obtained from newly introduced antibiotics is greater than 
from those that have been i n  use for many years (M cGin nis 
et al. , 1 958 ; Marusich il g. , 1 973 ) .  
Table 1 4  shows the ac cumulative feed conversion ob­
tained in this experiment . Turkeys on high protein diets 
consumed significantly ( P < 0 . 05 )  less feed per unit of gain 
and converted feed 20 % more efficiently when compared with 
those on low protein diets. On  low protein diets, turkeys 
receiving the 1 25% NRC levels of S-AA were 2. 5% more effi­
cient than those on 75% S-AA levels. All feed additives 
appeared to improve feed conversion (though not statistic­
ally significant ) with Neo-Terramy cin showing the most 
effect. 
The results on feed efficien c y  in this experiment 
showing better feed : gain ratio due to feeding high protein 
diets are similar to those obtained by Waibel ( 1 98 1 ) and 
Guenthner il ..tl_. (1 978 ) .  The feed efficien cies of turkeys 
on low protein die ts receiving the 75% S-AA were poorer 
than those o n  1 25% S-AA .  This is probably due to the fact 
that these turkeys had to c onsume more feed to satisfy 
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their sulfur amin o ac ids need rather than, as generally 
ac cepted, their energy need (Carlson, 1 984) . 
Table 1 4. Ac cumulative feed conversion of male turkeys 
as affected by protein, S -AA and feed additives. 
Diet Control Terramycin Bac itracin Cu Average 
Low protein 3. 22 3. 08 3. 1 0  3. 1 5  3. 1 4  
b 
75% S-AA 
Low protein 3. 1 2 3. 01 3. 08 3. 06 
b 
3. 07 
1 25% S-AA 
Hi gh protei n  2. 62 2. 55 2. 51 2. 59 2. 57 
1 25% S-AA 
Average 2. 98 2. 88 2. 90 2. 93 
a, b 
Means with different supersc rpits are sign ificantly 
different (P< 0. 05) . 
Experiment 1 
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Tables 15 and 16 show the average body weights 
obtained due to the addition of Neo-Terramycin (Terramycin 
after 8 w e e k s ) and a combi nation of Neo-Terramycin and 
copper. Inclusion of 20 percent wheat bran in this study 
resulted in a significant (P< 0. 05) decrease in  body weights 
from 4 to 24 weeks of age. At 4 weeks of age, although 
poults receiving diets without wheat bran seemed to be 
heavier, the di fferences were not statistically signifi­
cant. The results from this study agree with the results 
obtained by other investi gators. Hollister and Nakaue 
( 1982) and Cannon il tl •  ( 1982) observed a decrease·d growth 
rate and poorer feed efficiency · when the amount of fiber 
was increased in the diet of chicks. Bayer il _tl. (1978) 
reported that the addition of 6% cellulose to a chicks ' 
diet after 3 weeks of age resulted in  significantly lower 
average weights and poorer feed efficiency. 
The lower body weight of turkeys on the diet with 20% 
wheat bran is probably due to the lower energy content of 
this diet. As menti oned before, the low protein diets 
without wheat bran for each 4-week interval were isonitro­
genous but not isocaloric to the corresponding diet with 
20% wheat bran. A comparison of the data in Tables 2 and 4 
shows that the metaboli zable energy contents of the wheat 
bran diets were approximately 470 Kcal per kg ·1ower than 
75 
for the d�ets without wheat bran . Wheat milling by-pro-
du cts are re latively low in available energy and high in 
fiber content and animals would have to eat more of these 
types of diets to satisfy their energy and amino acid 
needs . Hill and Dansky (1954 ) reported that the chick is 
able to increase its intake of nutrients to compensate for 
the lower energy of certain diets, but its ability to 
increase the amount of bu lk ingested has physical limita­
tions . However, the chick ' s capacity to increase the con­
sumption of fibrous feeds is greater for those feeds of 
high moisture-absorbing capac ity su ch as wheat bran (Be ll, 
196 0 ) .  
Wheat bran is not usually used in high energy poultry 
rations because of its relatively low metabolizable energy 
content. However, there may be a potential for increasing 
the ME content of this product. Cave il .2.!_. (1965 ) 
reported that for growing chicks pelleting wheat bran 
increased its ME availability content by 30% . Saunders il 
g. (1968 and 196 9 ) showed that pe lleting wheat bran rup­
tured the cell walls, thus making nutrients more avail able. 
Enzymic treatment of wheat bran has also been reported to 
increase its protein digestibility ( eudoerffer and Smith, 
196 9 ; Saunders� g. 19 72). 
In another study, pelleting of this feed produced 
turkeys that w e r e  significantly heavier than those receiv­
ing the diet in the form of mash. 
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Feed additives did not produce any significant diffe�­
ences in body weights at 4 weeks of age. At 8 weeks of 
age, poults fed Neo-Terramycin or a combination of Neo­
Terramycin and copper were significantly (P<0. 05) heavier 
than those receiving the control diets. There were no 
significant differences in body weights between poult s  
receiving the combination of Neo-Terramycin and copper or 
Neo-Terramycin alone. However, at this age, those poults 
which received a combination of the two feed additives, 
seemed to be slightly heavier indicating that the effect of 
the combination could be additive. Cromwell� _tl. ( 1 98 1 )  
reported that as compared to the effects of single addi­
tions a combination of copper and tetracyclines has re­
sulted in a better rate of gain and an improvement in feed 
efficiency in young pigs. Guenthner et al • .  ( 1 978) indi­
cated that bacitracin may have enhanced the responses to 
copper by turkeys. In contrast, Bowen and Sullivan ( 197 1) 
reported that the addition of copper to the diets contain­
ing a low level of antibiotics (2 2 ppm of penicillin 
streptomycin, 1 : 3) resulted in reduced body weights of 
turkeys at 4 weeks of age. The results obtained from our 
first experiment showed that 1 20 ppm Cu significantly 
decreased body weights. This level of copper also might 
have decreased the body weights of turkeys at 8 weeks of 
age instead of stimulating it. The results might have been 
different if 60 ppm copper would have been used. However, 
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more studies should be conduct ed with different rations to 
clarify the additive effect of a combination of copper and 
different antibiotics since Beames and Lloyd (1965) indi­
cated that it appears that ration composition may influence 
the response to copper. Cromwell et fil• ( 1981) report ed 
that the additive response to copper may be due to (1 ) 
copper having a broader spectrum of antibacterial activity, 
or (2) copper having a different mode of action than the 
antibiotics. 
No significant differences due to the addition of 
Terramycin or a combination of Terramycin and copper were 
observed after 8 weeks of age. However, at 24 weeks of 
age, turkeys receiving only Terramycin in their diet seems 
to be heavier. Turkeys on the diet containing both Terra­
mycin and copper were slightly smaller than the controls. 
It should be also noted that the suppressing effect due to 
copper was apparently greater for birds receiving diets 
with 20% wheat bran. The interactions between factors 
under investigation were not significant at any age. 
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Table 15. Ef fect of f orm o f  diet and feed additives on 
performance of t urke y s  (4, 8 and 12 weeks) . 
Diet Control 
Low protein 896 
Low protein 814 
(20% wheat bran) 
Average 855 a 
Low protein 3. 18 
Low protein 2. 77  
( 20% wheat bran) 
Average 2. 87 
a 
Low protein 6. 99 
Low protein 6. 35 
(20% whea t  bran) 









BW @ 8 
3. 29 
2. 97 
3 . 13 b 





mycin + Cu  
200 gm/ ton 
+ 120 ppm Average 




weeks 2 .kg 
3. 32 3. 26a 
3. 08 2. 94b 
3. 20 b 
weeks
1 ls..& 
7. 07 7.  l 3a 
6. 56 6. 4 7b 
6. 81 
Mean s with dif ferent superscripts are significantly 
dif feren t (P <0. 05 ) .  
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Table 1 6. Effect of form of diet and feed additives on 
performance of turkeys (1 6, 20 and 24 weeks). 
Diet Control 
Low protein 1 0. 1 0  
Low protein ·9. 37 
(20% wheat bran) 
A v e r a g e  9. 73 
Low protein 1 2. 45 
Low protein 1 1 . 42 
(20% wheat bran ) 
Average 11.  93 
Low protein 1 4. 69 
Low protein 1 3. 41 
(20% w h e a t  bran ) 
A v e r a g e  1 4. 05 
a, b 
Means with different 
different (P < 0. 05) . 
Terramycin 
+ Cu 
Terramycin 80 gmTton 
80 gm/ ton 
BW @ 1 6  
1 0. 34 
9. 58 
9. 96 
BW @ 20 
1 2. 83 
11. 37 
1 2. 1 0  







1 2. 52 
11. 24 
11. 88 
BW @ 24 wks, kg_ 
1 4. 87 1 4. 67 
1 3. 39 1 3. 1 6  
1 4. 1 3  1 3. 81 
Average 




1 1 . 34
b 
1 4. 7 5
a 
1 3. 32b 
superscripts are significantly 
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Table 1 7  shows the accumulative feed conversion ob-
tained in this study. Turkeys on the diets containing 2 0 %  
wheat bran converted feed over 1 1 % less efficientl y  than 
those not receiving wheat bran. These results indicate 
that such diets are not applicable for turkey feeding 
unless the price of wheat bran is low enough to compensate 
for the reduced rate of growth and poorer feed efficiency. 
Turkeys on the Terramycin diet alone were apparently less 
efficient in converting feed as compared to the controls 
or as compared to the combination of Terramycin and copper. 
Table 1 7. Effect of form of diet and feed additives on 
accumulative feed efficiency of turkeys (0-24 wks). 
(Unit feed/ Unit gain) 
Terramycin 
+ Cu 
Terramycin 80 -gm/ton 
Diet Control 8 0  gm/ton + 1 20 ppm Average 
L o w  protein 3. 42 3. 6 1  3. 36 3. 46 a 
L o w  protein 3. 79 3. 92 3. 89 3. 86 b 
(20% wheat bran) 
Average 3. 60 3. 76 3. 62 
a, b 
Means with different superscripts were significantl y  
different (P<0. 05). 
Experiment 4 
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Table 18 shows the average body weights and overall 
feed conversion of each sex obt ained in this study from the 
virginiamycin addition .  Virgin i amycin su p plemen t ation sig­
nifican tly (P< 0. 05) i ncreased body weights of t urkeys (both 
males and females) u p  to 16 weeks of age. However, after 
16 weeks of age, when the females were removed from the 
experiment, no significant differences were observed. 
Feed conversion dat a in this table do not show signif­
icant differences due to virginiamycin su p plemen t ation . 
However, at their usu al m arket age, females on the virgin­
iamycin diet had conver ted feed 2% bet ter than t hose on the 
con trol diet . Males showed n o  effect at this time. 
Ta b le 1 8. E f fec t o f  v i rg i nia myc i n  o n  perf orma n ce o f  t u rkeys . 
Ma les 
V i rg i n i a-




4 weeks . 927 . 974 
8 weeks 3. 37 3 . 47 
1 2  weeks 6. 36  6. 56  
16  weeks 9. 80 1 0 . 1 0  
2 0  weeks 1 2 . 35 1 2 . 2 3  
F / G  3. 1 9  3. 1 7  
0-20  ( 1 6 )  
weeks 
Fema les 
V i rg i n i a-
Con t ro l  myc i n  
. 809 
2 . 73 
4 . 94 
7. 1 4  




. 8 68  
2 . 89 
5. 3 0  
7. 4 6  
3 . 06 
* A l l  d iets c o n t a i ned 0. 0 2 5 %  a m p ro l i um. 
a , b  
A verages ic:?1 a n d  � l 
V i rg i n i a -
Co n t ro l  myc i n  
. 8 68
a 
. 92 1  
b 
3 . 05 
a 
3 . 1 8 
b 
a b 
5. 6 5  5 . 93 
a b 
8. 47 8 . 78 
Mea ns w i t h  d i f feren t su persc ri p ts were si g n i f i c a n t ly d i f feren t 




A lthough virginiamycin was isolated by DeSomer and Van 
Di jck in 1955 , its usage in animal feeds has not been 
studied extensively. In our ex periment, virginiamycin was 
used in the presence of 0. 025% amp r olium which combination 
had not yet been a p proved by the Food and Drug Administra-
tion (FDA). Our results are consistent with the results 
obtained by other researchers. As early as 1962, Yates and 
Shaible had reported positive responses by chicks and 
poults to virginiamycin both as to weight gain and feed 
efficiency. Combs and Bossard (1963) reported that virgin­
iamycin stimulated growth of broiler chickens up to market 
age. Miles et al. (1981) observed that virginiamycin sup­
p l ementation of layer diets resulted in significantly bet­
ter egg production, feed efficiency and egg specific grav­
ity. However, virginiamycin fed hens produced eggs that 
were 2 grams smaller in this study. These workers in 
another ex periment fed virginiamycin to Leghorn-type 
pullets from 8 to 20 weeks of age. They observed that the 
addition of virginiamycin to the low protein diets resulted 
in heavier body weights at 12, 1 6  and 20 weeks of age as 
wel l  as im proved feed efficiency during the overall 8 to 20 
week period ( Douglas � al. , 1982) . Harms and Miles ( 1983) 
re ported that virginiamycin significantly increased turkey 
poult body weights when the diet was deficient in methio­
nine , indicating that virginiamycin could spare the methio­
nine requirements. 
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Concerns regarding the possible hazards of con tinuous 
low level feeding of antibiotics which are important in 
human and veterinary medicine has stimulated interest in 
the dietary use of those antibiotics such as virginiamy cin 
which are not general ly used for disease control . It has 
been proposed that meat, milk and eggs from animals fed 
antibiotics contribute to the incidence of transferable 
drug resistance in consumers . Virginiamy cin is one of the 
newer antibiotics approved for use in animal feeds . Tissue 
residues due to the addition of virginiamy cin are uncommon 
because like bacitracin, the activity of this antibiotic is 
isolated to the intestinal tract . Virginiamy cin is k n own 
to be active against the gram-positive bacteria of the gut, 
thus development and transfer of resistance, a phenomenon 
limited to the gram-negative Enterobacteriaceae is neglig­
ible . 
Careful studies are needed to determine the source of 
antibiotic resistance in humans and to what degree that 
resistance originates in animals and their flora . Further 
research is needed to determine if chronic oral exposure of 
humans to antibiotics and low-level, feed additive usage in 
animals compromises therapy in human or animals enough to 
warrant discontinuation of their use. Perhaps, it is 
appropriate to end this dissertation with a statement from 
Dr. T. H. Jukes, one of the great pioneers in antibiotics 
..,,,... ....__ 
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research for agricultural use, which ap peared in Federation 
Proceedings in 1 9 7 7. 
" In recent years, the Food and Drug Adminis­
tration has been making strenuous efforts to 
diminish or ban the use of the leading anti­
biotics in agriculture. Whether or not such 
bureauc_ra tic measures are imposed on American 
agriculture, the finding that small amounts 
of  antibiotics, added to the diet, improved 
the growth rate and utilization of food in 
ap parently healthy animals, remains as one 
of the best established and least expected 




Four experiments with Large White Nicholas stock were 
designed to study the effect of four different feed addi­
tives on the growth of turkeys when different levels of 
protein in corn-soy type diets were used. The data 
obtained in these experiments support the following general 
- conclusions : 
1 .  The NRC ( 1 9 7 7") recommended levels of sulfur-
containing amino acids for turkeys up to 16 weeks of age 
were applicable when a low protein dietary series were 
used. 
2. Copper at 60 ppm stimulated the growth rate of 
turkeys while 1 20 or 240 ppm Cu depressed growth up to 8 
weeks of age. 
3. Addition of sulfur-containing amino acids up to 
1 25 %  of the NRC ( 1 9 7 7) recommended level did not overcome 
the growth suppression shown by the addition of 1 20 or 240 
ppm Cu. This indicates that the depressed growth is not 
related to the interference of Cu with S-AA metabolism. 
4 .  Addition of C u  did not influence liver or blood 
copper content. 
5. High protein diets produced heavier turkeys and a 
substantial improvement in feed efficiency as compared to 
the observations made with low protein diets. 
while 
6. Bacitracin stimulated growth up to 8 weeks of age 
ea-Terramycin stimulated growth up to 1 2  weeks of 
87 
age and virginiamy cin promoted growth in the presence of 
amprolium up to 1 6  weeks of age . 
7. The combination of Neo-Terramycin and copper did 
not s h o w  that the effects of these drugs are additive under 
our conditions. 




feed additives appeared to improve feed 
differences were not statistically 
8 8  
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